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I. INTRODUCTION 
An accurate evaluation of inbred lines in any maize breeding program 
must be accomplished if the program is to be successful. Because of the 
shift of interest in recent years from double crosses to single crosses, 
the maize breeder must develop inbred lines that have high yields per se 
as well as contribute high yields to the single-cross combinations. Con­
sequently, the evaluation procedures will emphasize additive gene action 
in the selection and evaluation of the inbred lines, but nonadditive gene 
action is likely to be of considerable importance in the single-cross 
hybrids. Perhaps a knowledge of relationship of inbred characters with 
single-cross performance is even more important than when double crosses 
were used. 
For several years maize yield increases in the Corn Belt have been 
achieved by increased plant densities and higher fertility levels. Not 
infrequently, some hybrids that were superior at lower plant densities 
and moderate fertility levels did not give positive yield responses to 
cultural changes. Such hybrids often were observed to have a high degree 
of barren stalks at the increased stand densities. Effects to plant and 
ear characters by these high productivity practices and the relationship 
of these effects to yield responses have not been thoroughly studied. 
Also, in earlier years several maize breeders studied the relationship 
of the inbred plant and ear characters with hybrid performance. Similar 
studies in the high stand densities and high fertility levels have not 
been made. Whereas in earlier years hybrid performance of the inbred 
lines could not be accurately predicted on the basis of the inbred line 
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characteristics, perhaps this situation has changed in the maize culture 
used in the Corn Belt today. 
Russell and Teich (1967) reported on comparisons for hybrid perfor­
mance of inbred selections developed in a study of breeding procedures. 
These lines, developed by selection among and within progenies from 
M14xC103, were evaluated for inbred and hybrid performance at two and 
three plant stand densities, respectively. Their results suggested that 
more detailed studies of some of the inbred lines were warranted, thus 
the basis for this thesis study. 
The purposes of this research were as follows: 
1) For a selected group of the M14xC103 inbred lines, to study in 
testcrosses the relationships of important plant and ear charac­
ters to grain yield and to determine the effects of varying plant 
stand densities on these relationships. 
2) For the lines in 1), to determine the rate of cob growth at the 
two top ear nodes during the period of rapid ear shoot development 
before silk emergence and to relate this cob development to the 
hybrid performance of the lines. 
3) For a selected group of the M14xC103 inbred lines, to determine 
if the high or low testcross yield performance of the generation 
evaluated by Russell and Teich (1967) was caused by the yield 
level of the Fg genotype or by genetic segregation and selection 
in the Fg and F^  generations. 
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II. REVIEW OF LITERATURE 
The effect of plant population densities on yield, yield components, 
and some plant characters of com genotypes at the hybrid level has been 
a subject of evaluation for a long time. 
Long (1961) reviewed results from more than 175 separate experiments 
with com in which N and/or spacing variables were studied. These experi­
ments covered a period of over 50 years, 1907-1960. He stated that in 
most instances a stand not exceeding 12,000-15,000 plants per acre 
appeared to be adequate for the full season, prolific hybrids used in 
these experiments. Higher plant population gave no improvement in yield 
and increased the lodging problem. However, Colville et (1964) 
reported that the recommended rates of planting, suggested by seven other 
authors, ranged from 12,000-24,000 plants per acre in humid areas to 
6,000-12,000 plants per acre in nouirrigated, semi-arid regions. 
Although these studies show a trend of yield response to plant popu­
lation levels, one must keep in mind that these experiments have been 
carried out in different environmental stresses and even with different 
population levels, and the most important is the different genetic con­
stitutions (genotypes) that have been used. 
An extensive investigation of the effect of increases of plant 
densities on several plant and ear characters as well as yield were 
reported in the early 50's and late 60's. 
Plant height was reported to be increased as density of planting 
increased by Wolf and Howard (1957), Norden (1961), Colville and McGill 
(1962) and Ortiz-Cereceres (1967); however, no effect was reported by 
El-Lakany (1965) and Rutger and Crowder (1967). 
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The general trend that ear height increased as plant density 
increased was found by Zuber and Grogan (1956), Zuber, Grogan, and 
Singleton (1960), Colville and McGill (1962), and Rutger and Crowder 
(1967). 
Number of ears per plant was reported to decrease as plant density 
increased by Zuber and Grogan (1956), Wofford, Homer and McCloud (1956), 
Hemingway (1957), Wolf and Howard (1957), Omar (1958), Dungan, Lang and 
Pendleton (1958), Bayer and Dorywalski (196Q), Zuber, Grogan and 
Singleton (1960), Norden (1961), Ramirez and Laird (1961), El-Rouby, 
El-Khishen and Aboul-Ela (1961), Warren (1963) and El-Lakany (1965). 
On the other hand, Bryan, Eckhardt and Sprague (1940) indicated no effect 
for plant density on number of ears per plant, and Saunders (1942) 
reported an increase of number of ears per plant with increased plant 
densities. 
Ear length decreased as plant density increased as reported by 
Hemingway (1957), Wolf and Howard (1957), Bayer and Dorywalski (1960) 
and Ortiz-Cereceres (1967). 
Ear diameter was not affected by population densities as reported by 
Wolf and Howard (1957), but Ortiz-Cereceres (1967) found it decreased as 
the plant densities increased. 
Ear weight was reported to be decreased as plant population levels 
increased by Hinkle (1950), Wolf and Howard (1957), Omar (1958), Bayer 
and Dorywalski (1960), El-Rouby, El-Khishen and Aboul-Ela (1961) and 
El-Lakany (1965). Watson and Davis (1938), Thomas (1956), El-Hattab 
(1957), and Pumphrey and Dreir (1959) indicated that ear weight was 
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affected by population levels. However, Saunders (1942) reported an 
increase in ear weight as plant population levels increased. 
Ear size was reported to decrease in a somewhat linear trend with 
increases in plant density by Zuber and Grogan (1956), Duncan (1958), 
Zuber, Grogan, and Singleton (1960), Baracco (1961), Pendleton and Seif 
(1961), Schwanke (1963) and Warren (1963). 
Kernel depth generally decreased with the increase of plant density 
as reported by Ortiz-Cereceres (1967). 
Shelling percentage was not much affected by densities of planting 
as reported by Bryan, Eckhardt and Sprague (1940), Omar (1958), Stickler 
and Lande (1960), El-Rouby, El-Khishen and Aboul-Ela (1961), and El-Lakany 
(1965). On the other hand, Hemingway (1957) and Ortiz-Cereceres (1967) 
reported that shelling percentage decreased as plant population levels 
increased and the latter reported a highly significant difference (p = 0.01) 
for shelling percentage when the stand level changed from 16,000 to 24,000 
plants per acre. 
Seed size was reported to be decreased and differed significantly 
when plant populations changed from 16,000 to 24,000 plants per acre by 
Ortiz-Cereceres (1967). Bayer and Dorywalski (1960) reported a decrease 
in the weight of 1,000 seeds as plant density increased. 
Number of seeds per plant was reported to be decreased as plant 
density levels increased by Hemingway (1957). Bayer and Dorywalski 
(1960) indicated that number of seeds per ear decreased as plant popu­
lation levels increased. 
Silking and pollen shedding dates and the interval between silk and 
shed dates were also studied to determine the effect of plant density 
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increases on these characters. Wofford, Horner and McCloud (1956) 
reported that plant density increases did not affect silking date; how­
ever, Baracco (1961), Woolley, Baracco and Russell (1962), and Rossman 
and Cook. (1966) found a delay of as much as one to five days in silking 
dates resulted from plant density increases. Kahnke and Miles (1951) 
reported a delay in silking of one day for each 3,500 to 4,000 plants per 
acre increase. Shubeck and Caldwell (1955) reported that an increase in 
plant density from 3,556 to 17,780 plants per acre resulted in five days 
delay in silk emergence. Woolley, Baracco and Russell (1962) noted an 
increase in the anthesis silking interval of 1.2 days with increases from 
16,000 to 24,000 plants per acre during a favorable year, and 4.4 days in 
an unfavorable year. 
Maize breeders have studied relationships between the yield of inbred 
lines and plant and ear characters on the one hand, and the correlation of 
such information and the behavior of these inbreds in hybrid combinations. 
Hayes (1926) presented the results of some studies of the characters 
in inbred lines of com which, in general, are correlated with vigor. 
Yield of selfed strains was strongly correlated with characters such as 
ear length, number of ears and, to a less degree on the average, with size 
of seed. He also reported that in some varieties seedling vigor was more 
strongly correlated with yield than in other cases. 
Nilsson-Leissner (1927) reported the results of a study including 22 
selfed lines and 100 single crosses between them. The lines had been 
selfed from 4 to 7 generations. Correlations between the average expres­
sions of yield, ear length, ear diameter, number of kernel rows, percent 
of second ears, and plant height in the parental lines with the same 
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characters of the cross progenies were highly significant and positive, 
ranging from 0.74 to 0.94. Multiple correlations of yield of crosses 
in relation to the average of each two parental lines for the six charac­
ters previously mentioned was 0.66 for the dent inbreds and their 
crosses and 0.82 in the flint inbreds and their F^  crosses. He concluded 
that the results demonstrate that selection among the selfed lines for the 
characters desired is of value and that crosses between the more vigorous 
selfed lines yield better on the average than crosses between less vigorous 
inbreds. However, the author emphasized that the only method of learning 
the better F^  combinations is by actual trial. 
Jenkins (1929) studied the relationship between yield and yield com­
ponents and some other agronomic characters of com inbred lines and their 
F^  crosses. He reported that within the inbred lines he obtained positive, 
significant phenotypic correlation coefficients between yield and plant 
height, number of ears per plant, ear length, ear diameter, and shelling 
percentage. On the other hand, he obtained negative, significant correla­
tions between yield and date of silking, shrinkage of harvested ears, 
chlorophyll grade and ear-shape index. Yield of the F^  crosses was 
correlated significantly and positively with the following characters 
of the parental inbred lines: date of tasseling, date of silking, plant 
height, number of nodes per plant, number of nodes below the ear, number 
of ears per plant, ear length, ear diameter and yield. On the other hand, 
there was a negative, significant correlation between yield of the F^  
hybrids and ear shape in parental inbred lines. He concluded that the 
most productive crosses may be expected from the most productive inbred 
parents. 
8 
Johnson and Hayes (1936) found in a study involving 39 sweet com 
inbred lines and their topcrosses to the parental variety that the yield 
of the crosses was associated in only a small degree with the characters 
studied in the lines. A few significant, but low, correlations between 
yield of the topcrosses and the characters of the inbred lines were 
obtained. Ear length and stalk diameter of the inbred lines tended to be 
positively correlated with topcross yields, and number of suckers per plant 
negatively correlated with combining ability as judged by yield of the 
topcrosses. 
Aylesworth (1948) found highly significant correlations between some 
inbred characters and the same characters in the inbred-variety crosses. 
Correlations between yield of the inbred-variety crosses and characters of 
the inbred lines were positive and significant in the case of date of 
silking, plant height, yield, ear length, and date of pollen shedding. 
The multiple correlation of 0.594 for the relationship between inbred-
variety yields and eleven inbred characters was not significant. 
Ortiz-Cereceres (1967) compared the performances of 124 Sg inbred 
lines derived from a Com Borer Synthetic No. 3 and their testcrosses to 
the parental variety planted at two different population levels, 16,000 
and 24,000 plants per acre, at each of the three locations. He also 
studied the influence of plant population levels on the correlation among 
the seven agronomic characters plant height, ear length, ear diameter, 
kernel depth, grain yield, shelling percentage, and 300-kemel weight, as 
expressed in the two types of progeny. The phenotypic correlation coef­
ficient calculated for each character as expressed in different progeny 
types at the same population level and in the same progeny type at 
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different population levels indicates that selection for any character in 
the inbred lines at both population levels may be as effective as selection 
for the same character in the testcrosses at both population levels. Since 
a high correlation among all characters of the inbred lines at low and high 
population levels was found and since it is easier to handle the inbred 
lines at a low population, the evaluation of all characters in the inbred 
lines at a low population is suggested. The correlation coefficient 
obtained between each character and grain yield calculated within each 
progeny-type, population-level combination indicated that selection for any 
of the characters ear length, ear diameter, kernel depth, or shelling 
percentage would result in selection for yield in the same direction. 
Selection for any of the characters kernel depth, grain yield, or shelling 
percentage in the inbred lines grown at low population may result in 
selection of inbred lines with high general combining ability. 
In recent years the effects of plant population level during the 
development of the inbred lines to be used in hybrid combination have been 
explored. Ferguson (1962) , in an intensive study on the combining ability 
of inbred coim lines as influenced by population density, used three lines 
from a group whose maximum yield was attained at 20,000 plants per acre, 
the low group, and three lines whose maximum yield was attained at 28,000 
or more plants per acre, the high group. The general and specific combin­
ing abilities were appraised in a modified diallel cross in a number of 
different planting densities. The high group was superior at both low and 
high population densities, while the low group did well only at low densi­
ties and suffered a decline in yield as population was increased. The high 
group showed no yield depression up to 28,000 plants per acre after which 
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yield declined slightly at 32,000 plants per acre, the highest population. 
The relative rank of individual lines was the same from year to year and 
across population densities with only one single exception. The mean 
yields of low x low crosses increased from 12,000 to 24,000 plants per acre 
and then dropped sharply. The high x high crosses increased to 28,000 and 
then leveled off to 32,000 plants per acre. The low x high showed an 
interesting heterotic effect, being superior to low x low and high x high 
at the four highest rates. 
Russell and Teich (1967) studied four groups of lines selected from 
M14xC103 that may be described as follows: groups 1 and 2, lines selected 
by testcross performance in low and high plant densities, respectively, 
during three successive generations; groups 3 and 4, lines selected by 
visual discrimination among and within inbred progenies in low and high 
plant densities, respectively, during three successive generations. The 
four groups of lines were compared for hybrid performance at five stand 
levels for two years. The tester parent plants used were WF9xl205, the 
single cross used as tester in the development of lines in groups 1 and 2, 
and IA4810, an unrelated double cross. Yields averaged over five plant 
densities at three locations for two years were 60.7, 61.6, 57.9, 59.5, 
and 55.8 quintals per hectare for groups 1, 2, 3, 4, and testcross of the 
parental single cross M14xC103, respectively, when WF9xI205 was used as the 
tester. When the comparison was made across the population densities 12, 
16, 20, 24, and 28 thousand plants per acre, the highest average yields 
were obtained at the 16,000 population in six environments, the 20,000 
population in two environments, and the 12,000 population in two environ­
ments. In most environments, the yield decrease at the 24,000 and 28,000 
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population levels was sharp. Yield differences among population densi­
ties were highly significant. The yield trends were not consistent among 
environments as indicated by the highly significant mean square for 
. f 
densities x environments. The authors indicated that with the WF9xI205 
tester, all groups of lines had some yield gain when compared with the 
testcross of M14xC103. The gain was highly significant for groups 1, 2, 
and 4 but not for 3. The gain for group 4 was not significantly different 
from groups 1 and 2. The WF9xl205 testcrosses of the inbred selections 
indicated that visual selection at a low plant density was less effective 
than visual selection at a high plant density in eliminating lines that 
would be susceptible to barrenness. With unrelated tester IA4810, group 
4 had the greatest gain and group 3 showed a loss, but none of the group 
differences with the testcross of M14xC103 were significant. 
Russell (1968) crossed 10 single-ear and 10 two-ear inbred lines of 
maize with two testers, a one-ear single cross, 1x1, and a two-ear single 
cross, 2x2, and evaluated for grain yield at four plant population 
densities at two locations for three years. The plant densities were 
29,000, 38,700, 48,400, and 58,000 plants per hectare. The components of 
variance for hybrids showed that, in general, as the stand levels 
increased, the variance among hybrids increased. However, as the stand 
levels increased the error variance also increased. He concluded that 
there was no consistent relationship between stand levels and heritability 
values. The average mean yields over all environments were 66.0, 70.4, 
69.9, and 67.7 q/ha for the densities 29.0, 38.7, 48.4, and 58.1 thousand 
plants per hectare, respectively. The average mean yield ranged from 
59.9 to 80.6 q/ha over the six environments. From these results the 
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author concluded that he could not make a recommendation of the optimum 
stand level for yield evaluation. 
Russell (1969) had 19 lines of corn that survived selection 
. f 
through three successive generations, SQ, and S2, on the basis of 
testcross performance in a low or a high plant density. The lines were 
selected from Low Ear Synthetic. In the first generation, testcrosses 
of 94 SQ plants were evaluated. The 19 S3 inbred lines could be classi­
fied into three groups: group 0, five inbred lines selected on the basis 
of testcross performance at both low and high plant densities; group 1, 
seven inbred lines selected on the basis of testcross performance at 
low plant density; and group 2, seven inbred lines selected on the basis 
of testcross at high plant density. Two testers were used in the final 
study: a double-double cross (DDC), used in the selection of the lines, 
and an unrelated single cross (SC). The testcrosses were grown in 32,200 
(low), 48,300 (medium), and 64,400 (high) plants per hectare in five 
environments. 
With the SC tester there was no yield improvement of inbred selec­
tions over the Low Ear Synthetic. However, the average yield performance 
of the inbred selections with the DDC tester was superior to that of the 
parental source, although the improvement was in groups 1 and 2 and not 
in group 0. The average mean yields were 51.9, 55.0, 58.2, and 50.1 q/ha 
for testcrosses of groups 0, 1, 2, and the parental synthetic, respec­
tively. He indicated that, although the yield improvement was greater in 
group 2 than in group 1, the difference was not significant. On the other 
hand, the relative yield of groups 1 and 2 across stand densities is 
described best by the linear regression coefficients. The groups yielded 
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nearly the same at the low density, but from density 1 to density 3, 
group 1 had a 13.6 percent decrease and group 2 had only a 1.2 percent 
decrease, thus giving group 1 a greater negative b^  ^value. The differ­
ence in performance of the two groups across the stand densities was 
highly significant. Yield differences among testcross in all groups 
were highly significant. The testcross x environments interaction mean 
square was much greater for group 1 (232.25) than for group 2 (53.50). 
The interaction of environments x densities-linear x among crosses in 
group 1 also was highly significant, but in group 2 the interaction was 
not significant. He concluded that the stability of yield performance 
among lines was better in the high-density group than in the low-density 
group. 
Keeping in mind the differences of the major types of gene action 
affecting the different characters in the different field crops, it seems 
worthwhile to look at similar studies conducted with other field crops. 
Gctoh and Osanai (1959) compared selection for yield under different 
densities of progenies of wheat crosses. They concluded that the higher 
efficiency which they had in the wide spacing was due to the increased 
phenotypic variation. This was in contrast to the findings of Guitard, 
Newman and Hoye (1961) who found that selection from space planted, early 
generation hybrid wheat, oats, or barley was less efficient than selection 
in dense seedings. 
Correlations among agronomic and seed characters and seed or oil 
yield in soybeans have been reported by several workers. The relationship 
of seed characters to oil and protein content was studied in 195 varieties 
by King and Wang (1935); seed characters of F2 plants from three crosses 
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among (Glycine max) strains were evaluated by Viljoen (1937); F2 plants 
and their Fg progenies from G^ . max by G^ . ussuriensis were studied by 
Weber and Moarthy (1952). The most consistent relationship in the four 
studies is the negative correlation between oil and protein content 
which is in agreement with the earlier finding by Bordakou (1933). 
Ross (1939) studied the correlation between several agronomic 
characters of sunflowers (Helianthus annus ) and yield of seed and oil 
content. A significant, positive correlation was obtained between the 
percent of oil in the seed and the yield of seed produced. On the other 
hand, a highly significant, negative correlation was reported between 
the seed yield and characters, number of branches, number of leaves, days 
to blooming, and number of heads per plant. The author indicated that a 
nonsignificant relationship was observed between oil content of the seed 
and'the characters, number and area of leaves, diameter of main heads, 
ntmber of branches, days to blooming, and number of heads per plant. 
The author suggested that the taller, nonbranching types are worthy of 
special consideration as basic breeding material in breeding sunflowers 
for high yielding varieties of high oil content. 
Putt (1943) reported a two-year study on the relationship between 
sunflower inbred lines yield of seed and plant characters, days from 
seedling to maturity, plant height, stem diameter, and diameter of the 
main head. Positive, significant correlations between seed yield and 
these four characters were obtained. However, the oil content of the 
seed did not correlate significantly with any of these five characters. 
Negative correlations, but not significant, were obtained between oil 
content and seed size and weight per bushel. The multiple correlation 
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between oil content and the characters, days to maturity, plant height, 
stem diameter, head diameter, seed yield, 1000-seed weight, and percent 
of kernel was 0.599. Most of the variability accounted for in oil con­
tent was due to kernel content. The author concluded that selection of 
large heads and large stems will aid greatly in the development of lines 
of high oil content. 
Russell (1952) studied the interrelationship of seed yield, oil 
content, and several agronomic characters in sunflower inbred lines and 
their topcrosses for two years. He reported highly significant, positive 
correlation coefficients in both years for the characters, days to 
flower, height of plants, and rust rating and, in one year, for head 
diameter and percentage of lodged plants of the inbred lines and the same 
characters in their topcrosses. Nonsignificant correlations were found 
between ten plant characters of the inbred lines and their topcrosses 
with the variety Sunrise. Oil content and kernel content had a positive, 
highly significant correlation in the inbred lines during the two years 
of the test and in the testcrosses only during the second year. The 
correlation between percent of oil in the seed of inbreds and in the seed 
of their topcrosses was positive and highly significant in the second year 
of the study. 
Johnson (1932) reported a two-year study of the correlations between 
agronomic and compositional characters in flax. He showed oil content of 
seed from 46 strains of flax to be positively correlated with size of seed, 
lateness of maturity, and number of days from bloom to maturity. The three 
agronomic characters were found to have a high degree of association among 
each other as well. Partial correlation shows that when either date of 
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maturity or number of days from bloom to maturity was held constant, the 
correlation between oil percent and seed size attained the one percent 
level of probability (from +0.49 to +0.70), whereas neither maturity nor 
duration of seed development period was significantly correlated with oil 
percentage when adjustment was made for seed size. 
Pawlisch and Shands (1962) indicated that when the breeding behavior 
for bushel weight, yield, height, heading, and maturity dates of two oat 
crosses was studied, the only consistent correlation seemed to be posi­
tive associations between bushel weight and yield, height and heading 
date, and yield and height. 
George, Averly, and Casady (1969) reported a study on the inter­
relation among agronomic characters in grain sorghum. They pointed out 
that the genotypic correlations among 12 characters were estimated in 
segregating populations and in pure lines of grain sorghum (Sorghum bi-
color Moench). Grain yield was positively, significantly correlated with 
head weight, kernel number, half bloom date, and leaf number; but nega­
tively correlated with germination percentage and protein percentage. 
The inverse relationships between kernel weight and kernel number and 
between kernel weight and head number per plant may arise from develop-
mentally induced relationships or be genetically dependent. Head weight 
and half bloom date are considered best indicators for yield, while 
germination percentage may be of value as an indicator for protein con­
tent. Magnitudes of the estimates of expected progress in improving 
yield by selecting for characters other than yield appear to be greater 
than those for protein, indicating that direct selection for protein may 
be more effective in improving protein content. 
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The failure of stalks to produce ears, or barrenness, is an impor­
tant factor for differentiating among hybrids for yield performance at 
high stand levels. Barrenness in inbred lines results because of 
delayed silk emergence relative to pollen shedding, and it is expected 
that inbreds transmit this character to hybrid combinations. Conse­
quently, selection for inbred lines that do not have delayed silking 
should give genotypes that have one required factor for yield perfor­
mance at high stand levels. 
Sass (1962) indicated that a revival of interest in the development 
of axillary buds of maize was due in part to agronomic considerations, in 
particular the production of commercially valuable hybrids that produce 
more than one harvestable ear on a plant. He indicated the need to 
search for multiple ear types of maize as a possible source of the 
desired germplasm. To obtain needed information he suggested the exam­
ination of the shoot apices, especially the apices of the axillary buds, 
as well as all meristematic apices of the plant. 
Sass and Loeffel (1959) compared single crosses and inbred lines of 
maize for the initiation and development of inflorescences, in particular 
the response to plant population levels with respect to stalk barrenness. 
They indicated that competitive pressure does not produce a marked 
reduction of ear elongation, ovary development, or silk elongation until 
approximately 74 days after planting. They concluded also that barren­
ness is the result of failure of silk emergence during the pollen 
shedding period rather than the failure of formation of floral organs. 
In a subsequent study of a one-ear type hybrid, Sass (1960) ascribed the 
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general failure of a com plant to develop the second ear to factors 
associated with competition prior to and after anthesis. 
Comparative studies by Sowell, Ohlrogge and Nelson (1961) of the 
growth and fruiting of the compact mutant type of inbred Hy and its 
normal counterpart suggested that barrenness was caused by competition 
between vegetative growth and ear shoot development for the limited 
resources of the plant. Compact mutant types were able to produce grain 
under conditions of population stress because of the termination of 
vegetative growth at an early stage of plant growth. Normal inbred Hy 
does not cease vegetative growth at the time of ear shoot development, 
thus causing barrenness in dense populations. 
Collins (1963), in a thesis research at Iowa State University, 
studied the morphological development of the tassel and potential ears. 
His research germplasm included; 1) inbreds R71 and B60 which consistent­
ly produce two ears per plant; 2) inbreds Hy and 0103 which consistently 
produce one harvestable ear; and 3) single crosses involving all these 
lines, thus giving 1x1, 1x2, and 2x2 types. Plant densities were 
29,650 plants per hectare. His results showed that the four inbreds may 
be ranked for expressivity of two-ear production from highest to lowest 
as follows: R71, B60, Hy, ,and C103. The performance of the inbreds in 
single crosses indicated that this ranking is correct and that two-ear 
development appears to be affected by a number of recessive genes. The 
single-ear inbreds and their single cross had a retarded growth rate of 
the second ear which became evident about nine days before silk emergence. 
These genotypes did not produce second ears. By contrast, the second 
ear development of R71, B60, and their single cross was similar to the 
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top ear, and these genotypes usually produced a second ear. He concluded 
that the degree of second ear development in the pre-silk emergence 
period is an aid to detecting potential two-ear types, particularly if a 
harvestable second ear is not produced because of some unfavorable cli­
matic condition. In later research, Russell (1968) found that the inci­
dence of barren stalks was fourfold greater for a (1 x 1) x 1 type than 
for a (2 X 2) X 2 type at a stand level of 58,100 plants per hectare. 
Thus, it appears that selection for the strong second ear development 
may give parental material that will resist barrenness under stress con­
ditions. 
Further evidence of greater flexibility in ear development of a 
2 X 2-type as compared with, a 1 x 1-type was shown by Collins and Russell 
(1965). When the top ear shoots of 1 x 1-type crosses were covered to 
prevent pollination, the second shoots did not develop into harvestable 
ears. However, for a 2 x 2-type cross with similar treatment under the 
same environmental conditions, the second ear shoot did develop a har­
vestable ear. They suggested that selection for second ear development 
may be valuable in selection for stability of production. 
Russell and Teich (1967) studied the pre-silk cob growth rates on 
five groups of inbred lines that had been developed by different selec­
tion procedures. Three groups had been selected on the basis of high 
testcross performance: group 1 at a low stand level, group 2 at a high 
stand level, and group 0 at both low and high stand levels. Two groups 
had been selected on the basis of visual appearance of the inbred 
progeny, group 3 at a low stand level and group 4 at a high stand level. 
The cob growth rates were made during the 15 to 18 days before silk 
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emergence. The cob growth rate data were converted to a semilogarithmic 
form, log ear length versus time, and linear regression coefficients were 
calculated for each group. 
Since these lines were studied for testcross performance, Russell and 
Teich were able to make some comparisons between the cob growth rates and 
testcross yields. Comparing b values for the five highest and five lowest 
combining lines, the growth rates were greater for both cobs of the high 
combining group; however, the difference was greater for the second cob. 
Group 0, which had the highest combining ability among the groups, had the 
highest b value among the groups for the second cob. The data suggest a 
relationship between combining ability and growth rate of the second cob. 
Top cob lengths at silk emergence were similar for groups 1, 2, 3, and 4; 
second cob lengths at silk emergence were greater for visually selected 
groups 3 and 4 than for testcross selected groups 1 and 2. There was no 
correlation between top cob length and hybrid yield of the inbred selec­
tions, but between the second cob and hybrid yield the positive correla­
tion was highly significant, although too small to be of predictive 
value. 
Since Shull's (1910) first inbreeding experiments, various procedures 
of breeding methods have been used by maize breeders, but the successful 
development of improved hybrids or synthetic populations of maize depends 
upon the precise evaluation of the inbred lines developed. Visual 
evaluation of the inbred phenotypes had been used until Davis (1929) 
suggested the use of a topcross to measure the combining ability of inbred 
lines. Topcross evaluation was normally deferred until a high degree of 
homozygosity had been obtained. There has been disagreement among 
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breeders on the efficacy of visual selection in inbred development to 
improve yield performance in hybrid combinations. Positive correlations 
between vigor characters of inbred lines and their hybrid yield perfor­
mance have been shown by Jenkins (1929) , Hayes and Johnson (1939), and 
Russell and Teich (1967). On the other hand. Brown (1967) reported 
evidence that visual ratings of inbred lines are not satisfactory cri­
teria for hybrid yield performance. Jenkins (1935) proposed early 
generation testing, and a study conducted by Lonnquist (1950) made 
breeders aware of the value of the topcross for early identification of 
superior germplasm. 
Davis (1934) reported a study in which he crossed S2 inbred lines 
to an unrelated open-pollinated variety of com. He found a positive, 
significant phenotypic correlation coefficient between yield of the test-
crosses and the average yield of the first and second generations of 
inbreeding. On the other hand, he reported a negative, but nonsignifi­
cant, correlation between yield of the testcrosses and the percentage of 
barren and diseased plants in the inbred parents. He concluded from the 
study of these correlations that, for the material studied, the average 
yield of the first and second inbred generations was the most dependable 
basis for selection of inbred lines. He suggested that the performance of 
the cross of inbred lines with a variety could be used as a means for 
preliminary screening of inbred lines. 
Jenkins (1935) investigated the effectiveness of selection by top-
cross and the possible influences of chance changes in combining ability 
during inbreeding. The progeny of random ears from two open-pollinated 
varieties were topcrossed, two sister lines from each family in each 
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generation. One of these sister lines was the selected line and the 
other, the discarded line. Selfing was continued until Sg. Seven fami­
lies from the variety lodent and five families from Lancaster were repre­
sented in yield trials by the selected line of each generation. The 
trends from to S2 were upward in lodent and downward in Lancaster, but 
from S2 to Sg the average combining abilities of the seven lodent families 
were constant while Lancaster showed an erratic upward trend. The anal­
ysis of variance showed that the variation due to families was signifi­
cantly larger than due to interaction between families and generations. 
For this reason the author concluded that families had acquired their 
individuality as parents of topcross very early in the inbreeding process. 
Richey (1945) reanalyzed Jenkins' (1935) data on the theory that 
selection might have been effective in some families and ineffective in 
others. Averaging over families could have obscured these results. To 
smooth the data without masking trends, he averaged yields of individual 
families by two generation periods. This did reveal some lack of cor­
respondence between early and later generation performance. High perfor­
mance at fixation originated with a trend which began at S4-S5. Because 
of this he proposed that selection should be delayed until S^ , after which 
testcross performance should be used for selection among families, and 
visual selection for discrimination within families. In a later study 
in 1947 he indicated that inbred performance of the S^  or S^  lines was 
about as good a criterion of combining ability as topcross performance 
and at a much, lower cost. 
On the basis of topcross performance, Lonnquist (1950) reported 
high and low couiiining S^  plants were chosen to initiate the two 
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directions of selection for yield within each progeny. The selfed 
progeny were grown ear-to-row, and selection within the S2, S3, and S4 
continued in like manner. In 1948 the topcrosses of selected high and 
low lines were tested in a single experiment. Results indicated that 
selection for both low and high combining ability for the several genera­
tions starting with the families was successful. He concluded that, 
although selection based upon toperons performance could greatly modify 
the combining ability of lines in subsequent selfed generations, 
early testing of Sj lines provided a better sample of material in which 
to inbreed than a random sample from the same population. 
Sprague and Miller (1952) evaluated the effectiveness of visual 
selection for combining ability in a population density of 12,000 plants 
per acre. Two sets of 50 plants were selected through five generations, 
and the resulting inbred lines crossed in all possible combinations. 
Because very little change in combining ability was observed across gener­
ations, they concluded that visual selection during inbreeding had no 
effect on general combining ability. 
Wellhausen and Wortman (1954) reported on the relative combining 
ability of selected lines and of lines derived from them when 
crossed with a general combining ability tester. They concluded that 
inbreeding accompanied by visual selection in selected adapted lines 
offered very limited opportunities for improvement. While general 
combining ability is of considerable importance in a breeding program, 
it seemed desirable to know to what extent cycles of strong visual selec­
tion would affect yield in specific combinations. They reported one 
year's data from an experiment designed specifically to study this 
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problem. This experiment included comparisons of 45 crosses of x 
lines with 45 crosses of derived lines. They reported an average net 
increase attributable to visual selection of 11.2 percent. Division of 
the crosses into three groups. Local x Local, Local x Introduced, and 
Introduced x Introduced, led them to the tentative conclusion that visual 
selection was probably ineffective in the improvement of the combining 
ability of local, high combining lines, but was effective in favorably 
changing lines from introduced varieties. However, there were only 
three crosses in the Local x Local classification. 
Osier, Wellhausen and Palacios (1958) reported that three separate 
experiments were conducted to determine the value of visual selection for 
improving combining ability in specific hybrid combinations and to deter­
mine if adaptation of the lines involved had any effect upon this selec­
tion. The experiments included 134 pairs of crosses: 20 Local x Local, 
77 Local X Introduced, and 37 Introduced x Introduced. One cross within 
each pair was of lines while the other was of derived advanced lines. 
Field data were obtained on ear and plant appearance and yield. The 
single crosses x generations interaction was highly significant in 1951 
and 1955, indicating that in these two years at least some of the single 
crosses differed in performance as the lines involved varied in degree of 
inbreeding. The variation associated with generations was highly signifi­
cant within each of the three years. On the average, the single crosses 
involving lines were different from the crosses involving advanced 
lines. When the same error terms were used to test the variation associ­
ated with single crosses, significant differences were found between at 
least some of them in each of the three years. The differences in favor 
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of the advanced lines crosses were 4.4, 6.8, and 9.0 bushels per acre for 
the LxL, Lxl, and Ixl types, respectively, indicating that visual selec­
tion was more effective in the introduced lines than in the local lines. 
The effectiveness of visual selection for combining ability during 
inbreeding of maize has been a subject of disagreement among breeders. 
Jenkins (1929) and Sprague and Miller (1952) deny any influence of visual 
selection during inbreeding on the general combining ability of selec­
tions. On the other hand, Hayes and Johnson (1939) and Osier, Wellhausen 
and Palacios (1958) support the efficacy of visual selection on combining 
ability. Since visual selection during inbreeding is a special case of 
phenotypic selection, the relationship between yield performance and 
general combining ability as tested by topcross (or testcross) perfor­
mance is of interest to many breeders. 
Center and Alexander (1962) compared the performance of Sj lines and 
testcross progenies of maize using two single cross hybrid testers. They 
selfed 51 SQ plants from each of the following synthetic varieties; Com 
Belt Southern Synthetic, Virginia Long Ear Synthetic, and at the same time 
crossed them to two single crosses. The authors indicated that, contrary 
to expectancy, the S^  progeny performance was much more consistent under 
different environments than testcross performance. They also indicated 
that the data provided evidence that selection of lines based upon Sj 
progeny performance should be more reliable than selection on the basis 
of testcross performance. However, they indicated that the ultimate value 
of $2 progeny evaluation will depend largely upon their effectiveness in 
shifting the gene frequencies in the desired direction. 
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In a later study (1966) Center and Alexander reported the results of 
two completed cycles of recurrent selection on 153 Sj inbred lines 
derived from the Com Belt Southern Synthetic (CBS) variety. Selection 
was based on progeny yield in one program and on testcross yield in 
the other. S^  yield tended to increase with selection both for progeny 
yield and for testcross yield. The mean S^  yield increased 1,000 pounds 
per acre (31.4 percent) in two cycles of selection for S^  yield and 570 
pounds per acre (17.9 percent) in two cycles of selection for testcross 
yield. The correlation between the yield of the 153 Sj lines from CBS 
synthetic and the corresponding yield of their testcrosses was highly 
significant and six of the ten most productive lines were among those 
that produced the ten highest yielding testcrosses. The authors also 
reported that lines derived from the most productive S^  progenies were 
most frequently maintained under visual selection and, in general, dis­
carding in each generation tended to be most severe among those progenies 
derived from lower yielding Sj lines. The authors concluded that selec­
tion for vigorous inbred lines per se may be effective in selecting for 
general combining ability. However, they pointed out that there was, 
sometimes, considerable difference between S^  lines that appeared to be 
vigorous and those that were high in yield. They also stated that yield 
in com is very difficult to evaluate visually. 
Koble and Rinke (1963) tested random S^  lines from a synthetic corn 
variety for yield performance as S^  lines and in topcross tests with 
related and unrelated testers. They reported that the relationship 
between the line performance and either of the two topcrosses was 
generally as high as, or higher than, the relationship between the two 
/ 
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topcrosses themselves. They concluded that, on the basis of these tests, 
selection based on performance might be used to replace the more 
expensive and time consuming method of topcrossing. 
Center (1963) suggested that if heterosis results primarily from 
"additive and dominant gene effects, progeny performance in early genera­
tion inbred lines should evaluate their general combining ability better 
than testcrosses." This led to a study reported by Lonnquist and Castro 
(1967) in which an intra-population genetic variance was obtained using 
design I matings in high and low selected lines (F2 populations) 
representing extremes from a total of 169 Krug^^^ synthetic lines. The 
basis of evaluation was: a) per se {l. High (HS^), 2. Low (LS^)}; 
b) testcrosses with the parental population {l. HRTX, 2. LRTX}; and c) 
testcrosses with an unrelated population {l. HUTX, 2. LUTX}. The experi­
ments were grown over a two-year period. The authors indicated that there 
appeared to be more additive than nonadditive genetic variance for yield 
within lines selected as high-yielding in testcross performance, whereas 
the reverse was true in those selected as high-yielding on the basis of 
line per se performances. On the other hand, low selected lines 
exhibited, generally, more nonadditive genetic variance. Standard errors 
were of such magnitude as to preclude establishment of clear-cut differ­
ences among variance components. Performance trials of the derived 
synthetics failed to show superiority for any of the three line evalua­
tion procedures. 
Lonnquist and Lindsey (1964) presented more information on the pre­
dominant types of gene action prevailing in the two types of line evalu­
ation, lines per se and topcross to an unrelated tester. The high- and 
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low-yielding lines from each of the two evaluation procedures were 
selected and crosses between and within groups were obtained. Results 
were presented suggesting that selection for yield based upon these two 
methods were dependent upon different types of genetic effects. Inter­
crosses of lines selected from topcross performance resulted in a yield 
trend suggesting overdominant gene action, whereas the line per se 
suggested additive type of gene action. Although these authors did not 
find a definite relationship between line per se and testcross perfor­
mance developed from the same population, Krug^^i synthetic, they 
recognized that the use of a line test would be a more effective evalu­
ation procedure because, with a wider range of phenotypic expression for 
yield, it would permit a better chance of discrimination among line 
genotypes. 
In a later study by Lonnquist (1968), a total of 169 lines out of 
Krug^j^ synthetic were evaluated by three different methods: line per se, 
testcrosses to an unrelated tester, and testcrosses to the parental popu­
lation. In each evaluation procedure, the lines exceeding the test mean 
by one or more phenotypic standard deviations were selected. The selected 
$2 lines in each series were intercrossed to form the next cycle popula­
tions. In the line per se test, 19 lines were selected to form the next 
cycle (KjyA) population. Testcrosses to the unrelated tester resulted in 
selection of 25 lines to form and with the parental tester 22 lines 
were selected to form the K-j-y-S population. Only two lines were common 
to all three groups. The three highest- and three lowest-yielding from 
each of the three evaluation series were used to study their intercross 
behavior. The 18 lines were intercrossed. Composites of HH, HL, and LL 
29 
crosses within each set of six lines and crosses between sets (H^Hj, H^Lj, 
L^Hj, and L^Lj) provided the material for test evaluation in 1965-66. In 
each evaluation series the superior lines had been selected to form new 
cycle populations. These populations, Cycle IV, together with parental. 
Km synthetic were included in the performance trials. 
The results indicated that the LL, HL, and HH groups from line per se 
selections exhibited a linear trend for yield. Selection on the basis of 
an unrelated tester resulted in the HL group - the HH group where the 
values of 7.93 and 7.84 were obtained for yield in tons per hectare for 
HL and HH, respectively. Intercrosses of lines selected on the basis of 
the parental population as the tester exhibited a linear yield trend but 
with evidence of partial dominance for high yield. The highest yields 
resulted from intercrosses of lines selected on the basis of performance 
in testcrosses with the parental population. The author also indicated 
that the derived population based upon selection from testcrosses with 
the parental population (Kj^-3) exhibited a 15 percent increase in yield 
relative to Kj-j-j synthetic. The derived population based on lines per 
se selection resulted in a four percent gain in yield, whereas no gain 
resulted from selection based upon evaluation in testcrosses with the 
unrelated tester parent. 
Torregroza and Harpstead (1965) and Nanda (1966) agreed that when 
inbred line per se evaluation was compared with the testcross evaluation 
procedures, line per se gave the most consistent results. Nanda added 
that the performance of inbred lines themselves gives a good indication 
of the performance of their hybrid progenies for relatively simply 
inherited traits. Although he does not define which are those so-called 
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simply inherited traits, it is clear that he could be referring to charac­
ters other than grain yield and shelling percentage. 
Duclos and Crane (1958) intercrossed 45 introduced maize strains, 
two Northern U.S.A. single crosses, and their double cross, to form a 
synthetic variety which was randomly mated for three generations. Ran­
domly chosen SQ plants were selfed and crossed to a double cross tester. 
The top yielding 11 percent of the lines based on performance and 
top yielding 11 percent of the lines based on topcross performance 
were developed into two sub synthetics in which random mating was prac­
ticed for three more generations. In the top yielding lines based on 
each of the two criteria of selection, only five lines out of a possible 
26 were found to be common to both groups. 
A phenotypic correlation vs topcross of 0.42 for yield was highly 
significant. The authors concluded that this result indicates a relation­
ship between the two evaluation procedures, but this value is too small 
for prediction purposes. They indicated that one would expect selection 
based on line performance to emphasize almost totally additive genetic 
effects, whereas selection based on topcross performance would be expected 
to emphasize additive genetic effects and some nonadditive effects. 
The authors added that. In the following cycle, mean yields were 
significantly higher in the progeny from the synthetic based on 
progeny performance than from the synthetic based on topcross perform­
ance. Conversely, mean yields were significantly higher in the top-
crosses from the synthetic based on topcross performance than from the 
synthetic based on line performance. They also indicated that when 
genotypes selected on the basis of line performance were tested later 
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as lines, an 8.8 percent gain relative to the checks was observed. 
When these same genotypes were tested in topcrosses to a common tester, 
no gains were realized. Similarly, when genotypes were selected based on 
topcross performance and tested later in topcrosses, a gain of only three 
percent relative to the checks was obtained. The lines after a cycle 
of selection showed five percent increase over the original lines. 
These observations were interpreted by the authors as indicating more 
improvement may be obtained by selection based on progeny tests. This 
interpretation may be questioned since the mean of the progeny was low 
and considerable latitude for improvement was available. 
Duclos and Crane propagated the next generation of each subsynthetic 
by intermating the top-yielding 21 percent based on each evaluation 
method. Samples of seed were drawn from each generation of subsynthetic 
and parent synthetic and tested at two locations. These tests indicated 
that a highly significant yield improvement was made with the first cycle 
of selection by both methods of evaluation, but there was no significant 
difference between the two methods. 
Keeping in mind the differences of the major types of gene action in 
crops with different mating systems, self-pollination versus cross-
pollination, it would be worthxdiile to look at the effectiveness of 
visual selection and early testing in breeding programs in other field 
crops. 
Kwon and Torrie (1964) found highly significant correlations between 
visual scores and actual yields in two soybean populations. 
Frey (1962) studied the effectiveness of visual selection upon yield 
in two oat crosses. The progenies from Y2 oat plants classified as good. 
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random, or poor by visual observation were compared for yielding ability. 
In one cross the mean yields for the three categories were approximately 
equal, whereas in the other one the poor selection category yielded 
lower than the random or good categories in 1956, but not in 1957. The 
effectiveness of visual selection was further evaluated by classifying 
single plants and progeny rows in the F5 generation as good, random, and 
poor. Again, all categories based on single plants yielded approxi­
mately the same; however, the lines derived from good F3 progeny rows 
not only yielded more than their poor and random counterparts, but they 
averaged two bushels higher than the F2 derived lines from which they were 
selected. The author stated that the yielding capacity of oat lines 
appeared to associate with criteria used in visual selection. However, 
the phenotypic expression of single plants was so confounded with environ­
mental influence that visual selection based upon them was ineffective, 
but was effective when based upon progeny rows. 
Atkins (1964) reported that 25 plants were taken at random from the 
F2 of a barley variety cross to compare with 25 plants selected visually 
as good plants and 25 plants selected visually as poor plants on the basis 
of phenotypes. The yield trials of the F5, Fg, and Fy of these three 
groups (good, random, and poor) follow the same pattern as expected. 
There was a significant difference between the good group and the poor 
group. The good group yielded less than a bushel per acre higher than 
the poor group and the yield difference was only 39 pounds per acre 
between the good and the random group. The author concluded that visual 
selection on a single plant basis was not pracatical, except perhaps in 
the identification of low yielding lines. 
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In an early generation testing study in soybeans by Weiss, Weber and 
Kalton (1947), they indicated that seed yield of spaced plants was of 
limited value in predicting the yield potentialities of 17 soybean 
crosses studied. Means of individual plant determinations on spaced F2 
plants contributed significant intercross information on yield, maturity 
date, and lodging resistance of final selections evolved from the 17 
crosses. The bulk population tests gave reasonably accurate evaluation 
of crosses for potential lodging resistance and height of subsequent 
selections. They were found of little value in the prediction of 
potential yield or date of maturity. Crosses responded differentially 
when tested in the bulk F2 to F^ generations in all characters studied. 
They also added that natural selection was of sufficient magnitude to 
give extremely irregular advanced generation curves. 
Pawlisch and Shands (1962) studied the breeding behavior for bushel 
weight, yield, height, heading, and maturity dates in early generations 
of two oat crosses. The statistical analyses indicated that some lines 
were still segregating for heading date, yield, and height after three 
generations of selection, F2, F3, and F4. After two generations of 
selection, segregation for bushel weight and maturity date was not 
statistically detectable. 
Schaaf (1968) reported that open-pollination progenies were used to 
study the effectiveness of phenotypic selection for seed characteristics 
in crested wheat-grass (Agropyron desertorum (Fisch. esc. Link) Schult) 
maternal parentage. He indicated that, despite significant ( p < 0.001) 
parent-progeny correlations of 0.517 for seed yield and 0.797 for seed 
size, single character selection among spaced plants did not positively 
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identify the most desirable genotypes for either yield or size 
seed. 
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III. MATERIALS AND METHODS 
The inbred lines used in this thesis research were selected from a 
group of 61 lines developed from M14xC103 for a previous study on breed­
ing methods. The development and evaluation of these 61 lines have been 
described in detail by Russell and Teich (1967). On the basis of the 
breeding procedures, these lines can be described in four groups as 
follows : 
1) Group 1. The lines were selected in three successive genera­
tions, F2 to F^, on the basis of high testcross performance at 
a low stand level, 38,700 plants per hectare. 
2) Group 2. The lines were selected in three successive genera­
tions, ?£ to F^, on the basis of high testcross performance at 
a high stand level, 58,100 plants per hectare. 
3) Group 3. The lines were selected in three successive genera­
tions, Fg to F5, on the basis of the phenotypic appearance of 
the inbred progeny at a low stand level of 29,000 plants per 
hectare. 
4) Group 4. The lines were selected in three successive genera­
tions, Fg to F^, on the basis of the phenotypic appearance of 
the inbred progeny at a high stand level of 58,100 plants per 
hectare. 
The tester parent for groups 1 and 2 was a single cross, WF9xl205. 
The beginning basis of all selections was 138 F2 plants of Ml4xC103 and, 
after final selection in tKe four groups, there were 16 lines in each 
group. Since three selections were common to groups 1 and 2, actually 
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29 lines were selected on the basis of testcross performance. The evalu­
ation data of Russell and Teich (1967) suggested that further studies of 
some of the inbred selections would give information of value to a maize 
breeder. Consequently, two groups of 20 lines were selected for further 
study. 
The first group of 20 inbreds was selected to study the relation­
ships in testcrosses of important plant and ear characters to grain yield 
and to determine the effects of varying plant stand densities on these 
relationships. Also, the inbred lines per se were to be evaluated for 
growth rates of the first and second cobs during approximately 15 days 
before silk emergence. These growth rate data were to be related to the 
hybrid performance. 
The pedigrees of the inbred selections and the testcross yield data 
taken from Russell and Teich (1967) are shown in Table 1. Data for the 
testcrosses of M14, C103, and M14xC103 are included. The first ten lines 
have either high mean yields or positive regression coefficients, or both. 
The second group of ten lines all have high negative regression coeffi­
cients because of much reduced yields at the highest stand level as 
compared with the lowest stand level. At the lowest stand level, the 
average yields of the two groups are nearly equal. 
Grain yield is the product of number of ears per plant, ear length, 
ear diameter (which involves kernel row number, kernel depth, and cob 
diameter), and kernel weight. If further experimentation of these test-
crosses can obtain results similar to the data in Table 1, the data on 
yield components should give information on the relative importance of 
Table 1. Entries (with yield data from Russell and Teich, 1967) for the study of the relationship 
between yield components and final yields, effects of stand levels on these characters, 








Yield, cwt per acre 





01 1882 1505- 14- 11 62.4 67.6 62.2 64.0 -0.10 
02 1894 1558- 15- 62 60.0 66.9 61.0 62.6 +0.50 
03 1900 1576- 56- 66 60.9 66.0 61.4 62.8 +0.25 
04 1910 1618-117- 49 64.0 68.1 64.2 65.4 +0.10 
05 1923 1576- 9-170 57.1 65.2 57.2 59.8 +0.05 
06 1938 1617-247-164 59.8 66.7 59.9 62.1 +0.05 
07 1861 1606-1-1-1 62.8 73.9 66.0 67.6 +1.60 
08 1862 1635-1-1-2 65.4 69.2 61.4 65.3 -2.00 
09 1874 1570-1-1-1 56.6 61.0 59.9 59.1 +1.65 
10 1878 1602-2-1-1 64.4 71.7 69.9 68.6 +2.75 
11 1892 1555-110- 92 58.9 59.5 47.2 55.2 -5.85 
12 1908 1612- 44- 21 63.3 63.9 52.1 60.4 -4.60 
13 1914 1636- 40-117 62.5 62.7 53.8 59.7 -4.35 
14 1925 1578- 33-196 64.6 70.5 57.6 64.2 -3.50 
15 1932 1526-253-127 59.7 62.5 50.5 57.5 -4.60 
16 1853 1550-2-2-2 55.0 47.7 35.8 46.1 -9.60 
17 1860 1604-2-2-1 61.1 60.6 52.4 58.0 -4.35 
18 1870 1534-2-1-1 63.4 62.9 54.7 60.3 -4.35 
19 1880 1632-1-1-1 66.0 70.2 57.8 64.6 -4.10 
20 1881 1638-2-2-1 63.2 61.7 56.4 60.4 -3.40 
21 M14 56.1 55.6 56.1 55.9 0.00 
22 CIO 3 55.0 58.1 50.2 54.4 -2.40 
23 (M14xC103) 59.7 62.2 52.2 58.0 -3.75 
Number of plants per acre. 
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these components as causes for the variation in yields among the plant 
stand densities. 
The second group of 20 inbred lines was chosen to determine the 
effectiveness of selection on the basis of testcross performance and 
phenotypic appearance of the inbred progenies to improve combining 
ability in three successive generations. The pedigrees of the lines 
selected and the testcross yield data taken from Russell and Teich 
(1967) are shown in Table 2. The first ten lines were developed on the 
basis of phenotypic appearance and include five lines with high testcross 
performance and five lines with low testcross performance. The second 
ten lines were selected on the basis of testcross performance and 
include five lines with high testcross performance and five lines with 
low testcross performance. Entries 1, 2, 3, 5, 7, 11, 13, 14, 16, 18, 
and 20 are in the group described previously. A study of the testcrosses 
of these selections and of their sources in preceding generations should 
reveal to what extent the differences shown in Table 2 resulted because 
of genetic differences present from the beginning in the generation 
or because of further genetic changes due to selection in the succeeding 
generations. 
A. Field Procedures 
1. Relationships between yield components and grain yield and effects of 
plant stand densities on these characters 
Testcrosses of th.e 20 inbred selections and three checks, MIA, C103, 
and M14xClQ3, were evaluated in split-plot experiments with five replica­
tions at Kanawha, Ames, and Ankeny in 1966, 1967, and 1968. The main 
Table 2. Entries (with yield data from Russell and Teich, 1967) selected to study the effectiveness 
of visual and testcross selection to improve combining ability in three successive 
generations, F2, F3, and 













01 1606-1-1 VS 62.8 73.9 66.0 67.6 +1.60 
02 1635-1-1 VS 65.4 69.2 61.4 65.3 -2.00 
03 1602-2-1 VS 64.4 71.7 69.9 68.6 66.1 +2.75 
04 1620-1-1 VS 62.1 70.4 60.6 64.4 -0.75 
05 1632-1-1 VS 66.0 70.2 57.8 64.6 -4.10 
06 1524-1-1 VS 53.8 53.9 45.1 50.9 -4.35 
07 1550-2-2 VS 55.0 47.7 35.8 46.1 -9.60 
08 1574-2-1 VS 54.2 55.0 54.1 54.5 51.5 -0.05 
09 1595-1-1 VS 55.8 56.5 46.7 53.0 -4.55 
10 1511-1-2 VS 54.7 56.9 46.8 52.8 -3.95 
11 1505- 14- 11 TC 62.4 67.6 62.2 64.0 -0.10 
12 1581- 64- 67 TC 61.5 68.2 59.3 63.0 -1.10 
13 1618-117- 49 TC 64.0 68.1 64.2 65.4 64.0 +0.10 
14 1578- 33-196 TC 64.6 70.5 57.6 64.2 -3.50 
15 1582-113-183 TC 63.9 66.7 59.8 63.5 -2.05 
16 1555-110- 92 TC 58.9 59.5 47.2 55.2 -5.85 
17 1559- 55- 64 TC 57.8 64.0 48.6 56.8 -4.60 
18 1636- 40-117 TC 62.5 62.7 53.8 59.7 57.1 -4.35 
19 1521- 52-•153 TC 56.7 56.0 55.6 56.1 -0.55 
20 1526-253-127 TC 59.7 62.5 50.5 57.5 —4.60 
^VS = visual selection; TC = testcross selection. 
^Number of plants per acre. 
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plots in the split-plot design were three plant densities (low, medium, 
and high) and the subplots were the 23 testcrosses. Plant densities were 
randomized among the main plots and within each main plot there was com­
plete randomization of the testcrosses. WF9xI205 was the tester used. 
Details of an experiment relative to number of hills and plots, plot 
size, and spacing^ are presented in Table 3. 
Table 3. Details of field procedures for experiments of the testcross 
performance of 20 inbred lines and three checks in Table 1 
Plant densities 
Low Medium High 
Number of plants per hectare 30,998 40,787 59,470 
Number of hills per subplot 9 12 17 
Number of plants per subplot 18 24 34 
Number of hills available for harvest 7 10 15 
Number of hills to be harvested 5 5 5 
Distance between hills (cm) 63.5 48.3 33.1 
Subplot length (cm) 571.5 579.1 561.3 
Distance between subplot (cm) 101.6 101.6 101.6 
The data for number of plants per subplot, or per hectare, suggest 
that the increments between low, medium, and high densities are not equal. 
However, all data were to be recorded on a per-plant basis and the incre­
ments for area per plant are equal for low to medium and medium to high. 
Each subplot was a single row. 
Seed was hand planted, dropping three kernels per hill, and plant 
stands were thinned later to two plants per hill. Extra hills per plot 
were planted to permit harvest of five competitive hills per subplot and, 
also, to have plot size nearly the same for all densities. However, at 
low density in 1966 it was apparent that seven interior hills per subplot 
41 
were not sufficient to assure five competitive hills at harvest; conse­
quently, low density was increased to eight interior hills in 1967 and 
1968. Inter-hill spacings were achieved by using chains which were marked 
at the spacings shown for between hills at the three plant densities. At 
Ankeny in 1968 the distance between plots was 91.4 cm. 
Seed bed preparation, fertilizer applications, and cultural prac­
tices were in accordance with those normally accepted as necessary to 
obtain above-average yields. Planting dates are presented in Table 4. 
Table 4. Planting dates at each location for the testcross performance 
of 20 inbred lines and three checks in Table 1 
Locations 
Years 
1966 1967 1968 
Kanawha May 6 May 3 May 13 
Ames May 4 May 18 May 15 
Ankeny May 2 May 12 May 11 
At Ames in all years the date was recorded for a subplot when 50 
percent of the plants had reached pollen shedding. Also, the date was 
recorded when 50 percent of the plants had silks emerged. Plant height 
to the collar of the uppermost leaf and height to the top ear node were 
taken on ten competitive plants per subplot for all experiments in late 
August or early September. 
In each subplot ears were harvested from five two-plant hills that 
had at least one plant in each adjacent hill. Occasionally at the low­
est stand level, particularly in 1966, fewer than five two-plant hills 
properly bordered were available, so a fewer number was harvested. A 
record was kept for each subplot of the number of barren stalks in the 
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five hills. Second ears in each subplot were placed in a paper sack to 
keep separate from the top ears- All harvested ears were dried for 72 
hours at 71 C and stored until further work was done. 
Data obtained per subplot included ear length, diameter, cob 
diameter, kernel depth, number of ears, number of second ears, ear 
weight, grain weight, and weight of 300 kernels. Ear length measurements 
included the second ears. Ear length and diameter, ear number, ear weight, 
and grain yield were calculated on a per plant basis. Shelling percentage 
and number of seeds per plant were calculated. Also, from the flowering 
data recorded earlier at Ames, the value for silk emergence date minus 
pollen shedding date in each subplot was determined and coded by adding 
ten to avoid negative values. 
Because of unfavorable growing conditions, experiments at Kanawha 
and Ankeny in 1966 and Ankeny in 1967 were discarded. Consequently, the 
six remaining experiments were considered as having been grown in six 
environments, ignoring years and locations. 
2. Rate of cob growth for the top two ears during the 15-dav period before 
silk emergence 
The same 20 inbred lines used as parents of the testcrosses in the 
study described previously were studied for ear development in the period 
of approximately 15 days before silk emergence in 1966 and 1967. Inbreds 
M14 and C103 were included as checks. 
In 1966, the 22 entries were planted in a randomized complete block 
design with five replications at Ames. Each plot consisted of a single 
row with 30 plants, one plant per hill after thinning, 33.8 cm between 
hills, and 101.6 cm between plots. The plant stand density was 
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approximately 29,000 plants per hectare. In 1967, the plot size was 
increased to two rows with 30 plants per row and the same spacing between 
hills and rows as in 1966. 
Seed bed preparation, fertilizer applications, and cultural prac­
tices were in accordance with those normally accepted as desirable for 
good com husbandry, supplemented with hand hoeing for better weed control. 
The dates of planting were May 6 and 25 in 1966 and 1967, respectively. 
Extraction and measurement of ear shoots were begun approximately 15 
days before the anticipated date of silk emergence and were repeated every 
three days until each line had 50 percent or more of the remaining plants 
in the plot showing emerged silks. The extraction technique consisted of 
slitting both flat sides of the culm with a knife from top to bottom, 
stripping off the leaves to expose the top two prophylls, and opening the 
prophylls by a longitudinal incision to remove the cob. Cob measurements 
were made on three bordered plants per plot per date in 1966 and six 
bordered plants per plot per date in 1967. On the final date the top two 
cobs were measured on six plants in 1966 and on 12 plants in 1967. 
3. Effectiveness of visual and testcross selections to improve combining 
ability of inbred lines in three successive generations 
As shown in Table 2 and described previously, 20 lines in the F5 seed 
generation were selected for this study. Also used were previous parental 
generations of each line, F^, Eg, and F^, the F^ being the single cross 
M3.4xClQ3. Thus, there were 20 families with four generations per family. 
Each selection was crossed to WF9xI2Q5, sampling at least 20 plants per 
generation of each line. Since at least 20 plants were sampled per 
generation to cross to WF9xI205, the F3, F4, and F5 progenies are really 
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representing the F3, and generations. The experimental design for 
this study was a split plot in which the whole plots were families and 
subplots within a whole plot were the four generations of a family. Thus, 
there were 80 entries in an experiment. Whole plots and subplots within 
whole plots were completely randomized and there were three replications. 
The details of an experiment are presented in Table 5. 
Table 5. Details of field procedures for experiments of the testcross 
performance of the 20 families in Table 2 
Year Distance Distance Final no. Date of 
and between between plants/ Plants/ plant­
location rows (cm) hills (cm) plot hectare ing 
1967 
N ewell 101.6 50.8 46 55,700 May 16 
Hampton 101.6 50.8 46 55,700 May 19 
Ames 76.2 50.8 40 64,579 May 2 
Ankeny 101.6 50.8 46 55,700 May 12 
1968 
Kanawha 101.6 50.8 46 55,700 May 13 
Martinsburg 96.5 45.7 46 65,122 May 3 
Newell 101.6 50.8 46 55,700 April 30 
Grundy Center 96.5 48.3 46 61,749 May 1 
Ames 76.2 50.8 40 64,579 April 30 
Ankeny 91.4 48.3 46 65,122 May 11 
A subplot consisted of two rows with nine hills per row. Seed was 
hand planted, dropping three kernels per hill and thinning later to give 
the desired number of plants per plot. Seed bed preparation, cultural 
practices, and fertilization were those normally accepted as necessary for 
above-average grain yield. 
Data obtained per plot at harvest were number of plants per plot. 
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ear weight, and percent moisture in the grain. Ear weights were converted 
to quintals per hectare of shelled grain at 15.5 percent moisture using a 
common conversion factor for all plots. Because of unfavorable weather 
conditions, the experiments at Hampton and Ankeny in 1967 were discarded. 
Thus, the two remaining locations in 1967 and the six locations in 1968 
were considered as eight environments, ignoring years and locations. 
B. Statistical Procedures 
1. Relationships between yield components and grain yield and effects of 
plant densities on these characters 
The standard procedure for the split-plot design was used to analyze 
the data taken for yield and 12 other plant and ear characters. The model 
used for each character at each environment is as follows: 
Yi, Yg, Y3 Y23 = A(I) + B(J) + AB(IJ) + C(K) + BC(JK) + s(IJK) 
where 
A = replication effect, i = 1-5 
B = plant density effect, j = 1-3 
C = entry effect, k = 1-23 
AB - main plot error: error (a) 
BC = plant density x entry interaction 
e = subplot error: error (b) 
2 2 
The assumptions for the model are that e(IJK)'^N(0, or ); AB(IJ)'^N(0, a ). 
e w 
For the purpose of calculating th,e expected mean squares, plant densities 
and entries are considered fixed effects while replications are consid­
ered random. The source of variations, degrees of freedom, and expected 
mean squares for the analysis of variance are presented in Table 6. 
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Table 6. Source of variations, degrees of freedom, and expected mean 
squares for the analysis of variance of the individual 
environment for each character 
Source of variations 
Degrees of 
freedom Expected mean squares 
Replications (r) 4 
2 9 
ta + dta 
a r 




Reps X densities {error (a)} 8 0^ + tC7^ 
a 
Entries (t) 22 2 rdK 
t 
Entries x densities 44 
2 
^^dt 
Error {error (b)} 264 
Total 344 
F tests for the different characters and their interactions were made 
according to the expected mean squares. 
The combined analysis was done on the basis of the entry means; 
consequently, replication within environments sums of squares was esti­
mated by pooling the sum of squares from the individual environments and 
divided by the number of replications. Plant densities and entries are 
considered fixed effects but environments are considered random. The 
model used for all characters studied except silking date, shedding date, 
and their differences is as follows: 
Y^, Y3 Y^3 = A(I) + B(IJ) + CCK) + ACCIK) + BC(IJK) + D(L) + 
AD(IL) + CD(KL) + E(IJKL) 
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where 
A = environments effect, i = 1-6 
B = reps/environments effect, j = 1-5 
C = plant densities effect, k = 1-3 
D = entries effect, 1 = 1-23 
2 2 
The assumptions for the model are BC(IJK)^W(0, o ); e(IJKL)'V'N(0, a ). The 
w e 
source of variations, degrees of freedom, and expected mean squares for 
the combined analysis of variance are presented in Table 7. 
For silking dates, shedding dates, and their intervals there were only 
three environments; consequently (e) would be equal to three and the 
degrees of freedom changed as shown in Table 8. The F tests for signifi­
cance in the main effects and their interactions were made according to 
the expected mean squares. 
Bartlett's (1937) test of homogeneity of variance was applied to the 
error (b) mean squares of the six environments as outlined by Snedecor 
(1956, pages 285-289). This test indicated that these variances are not 
homogeneous; consequently, in a combined analysis over environments, the 
test of significance will not be at the exact probabilities given. Pre­
caution in the interpretations of the F tests will be needed. 
The testcrosses were of three check lines and 20 inbred lines con­
sisting of two groups; consequently, some group and within-group compari­
sons are valid. The degrees of freedom and sums of squares for the 
entries, and interactions involving entries, in the analysis of individual 
and combined experiments were subdivided for orthogonal comparisons. 
Plant densities were in equally spaced increments, thus linear and quad­
ratic components were obtained in all interactions involving plant 
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densities. The degrees of freedom for the orthogonal comparisons in one 
environment are presented in Table 9. 
Table 7. Source of variations, degrees of freedom, and expected mean 
squares for the combined analysis of variance for all charac­
ters except silking dates, shedding dates, and their difference 
Source of variations 
Degrees of 
freedom Expected mean squares 
Environments (e) + TC7^ + RDTO^ 
Reps/environments 24 
Densities 





+ TC^ + RTO^ + RET<^ 
de 




Densities x entries 




Environments x densities x entries 220 
O + RDO^ + ERDK^ 
et t 





Error (b) 1584 
(where r stands, for replications) 
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Table 8. Source of variations and the degrees of freedom for silking 
dates, shedding dates, and their intervals 
Source of variations Degrees of freedom 
Environments Ce) 2 
Reps/environments 12 
Densities (d) 2 
Environments x densities 4 
Error (a) 24 
Entries (t) 22 
Densities x entries 44 
Environments x entries 44 
Environments x densities x entries 88 
Error (b) 792 
Total 1034 
Table 9. Source of variations and degrees of freedom for the orthogonal 
comparisons at each, environment 
Source of variations Degrees of freedom 
Replication 4 
Densities 2 
Reps X densities {error (a)} 8 
Entries 22 
Selections vs checks 1 
Among selections 19 
HP vs LP 1 
Among HP 9 
"Among LP 9 
Among checks 2 
CM14 and CIO3) vs (M14xC103) 1 
M14 vs C1Q3 1 
Densities x entries 44 
Densities x (checks vs selection) 2 
Linear 1 
Quadratic 1 
Densities x (among selections) 38 
Densities x (HP vs LP) 2 
Linear 1 
Quadratic 1 




Table 9 (Continued) 
Source of variations Degrees of freedom 
Densities x (among LP) 18 
Linear 9 
Quadratic 9 
Densities x (among checks) 4 
Densities x {(Ml4 and C103) vs (M14xC103)} 2 
Linear 1 
Quadratic 1 
Densities x (Ml4 vs C103) 2 
Linear 1 
Quadratic 1 
Error (b) 264 
Total 344 
Another set of orthogonal comparisons based on the breeding history 
of the selections is possible. Since differences of reaction based on 
the breeding history may be revealed, these orthogonal comparisons were 
made. The following Table 10 shows the groups involved and the member 
lines in each group. 
Table 10. Group description, symbol and entries involved in each group 
for both types of breakdown of selections u&der study 
Group Description Symbol Entries involved 
Original plan OP 
1 High performance group HP 1-10 
2 Low performance group LP 11-20 
Second plan SP 
Testcross performance selected at 
0 Both high and low plant densities TC.B 1.2 
1 High plant density TC.H 4,5,6,14,15 
2 Low plant density TC.L 3,11,12,13 
Visual discrimination at 
3 High plant density VS.H 9,10,18,19,20 
4 Low plant density VS.L 7,8,16,17 
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To study the trend of yield and all ear and plant characters across 
plant densities, the linear and quadratic regression coefficients were 
computed using orthogonal polynomial coefficients for the three plant 
densities as follows: 
Plant Density 
Low Medium High 
Linear -1 0 4-1 
Quadratic +1 -2 +1 
The three plant densities are spaced in equal increments based on 
area per plant. The densities are assumed the independent variables, and 
the plant and ear characters the dependent variables. 
The phenotypic and genotypic correlations between grain yield and 
each of the 12 characters are of interest for the entries component. To 
2 
calculate these correlations an estimate of genotypic variances (ic ) com-
e 
ponent for yield and each of the other characters for entries and the 
covariances Kx^y of each of the (i) characters with yield (y) were 
obtained from the analysis of variance and covariance combined over 
environments. The estimates of variance and covariance components were 
obtained as follows: 
Source of variation Degrees of freedom Expected mean squares 
Entries 22 cr^ + rscr^ + ersfc^ 
et t 
2 2 
Entries x environments 110 a + rsa 
et 
2 
Thus, tc for yield = (Ent. m.s. - Ent. x env. m.s.)/ers. In the 
T(Y) 2 
same way, estimates of K , where x. is the character under study, 
t (x^) ^ 
were calculated. Similarly, using mean cross products of each character 
with yield, estimates of were obtained. Therefore, the genotypic 
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The phenotypic correlations were calculated simply by using the mean 
squares of yield and character and the cross products between yield and 
x^ character divided by their degrees of freedom as in the following 
formula: 
Ent cross product of x.y/Ent d.f. 
^ph(x.y) 
X 
 y  
^ J Ent x^ m.s. * Ent y m.s. 
2. Rate of cob growth for the top two ears during the 15-day period 
before silk emergence 
The model used in analyzing the cob growth data in individual experi­
ments was as follows: 
Y, TY = A(I) + B(J) + AB(IJ) + C(K) + BC(JK) + e(IJK) 
where 
Y = the original measurements 
TY = the log^Q of Y 
A = replication effects, i = 1-5 
B = entries effects, j = 1-22 
C = dates effects, k = 1-6 
AB = main plot error {error Ca)} 
BC = entries x dates interaction 
£ = subplot error {error (b)} 
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2 
The assumptions for the model are that AB(IJ)aN(0, q ) and e(IJK)'v 
2 * 
N(0, a ). Entries and dates are considered fixed effects and replica-
e 
tiens as random. The sources of variation, degrees of freedom, and 
expected mean squares for the analysis of variance are presented in 
Table 11. 
Table 11. Source of variations, degrees of freedom, and expected mean 
squares for the analysis of variance of cob growth experi­
ments at each environment 
Source of variations Degrees of freedom Expected mean squares 
Replications (r) 4 
2 
a + DCR^ + ED0^ 
a r 
Entries (e) 21 / 2 2 + da + rd(c 
a e 
Reps X entries {error (a)} 84 
2 
CT + da^ 
a 




Entries x dates 105 
2 
a + nc^ 
ed 




Because the cob growth data indicated curvilinear trends, analyses 
were made for both the original data and data after transformation by 
taking the logarithms of the cob measurements. The F tests for the main 
effects and their interactions were made according to the expected mean 
squares. The degrees of freedom and sums of squares for entries and their 
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interactions were subdivided to provide orthogonal comparisons as 
described in the previous section. The analysis of variance based on 
transformed data showed that most of the variation among dates was 
explained by the linear model. Consequently, the analysis for experi­
ments combined over years was done with transformed data only. The 
combined analysis was with entry means rather than plot data. Entries 
and dates are considered fixed effects and environments as random 
effects. The model used is as follows: 
TY = A(I) + B(IJ) + C(K) + AC (IK) + BC(IJK) + AD (IL) + CD (KL) + 
ACD(IKL) + e(IJKL) 
where 
A = environments effect, i = 1-2 
B = reps/environment, j = 1-5 
C = entries effect, k = 1-22 
D = dates effect, 1 = 1-6 
BC = the whole-plot error {error (a)} 
£ = the subplot error {error (b)} 
2 2 
The assumptions for the model are BC ClJK.)'^N (0, a )and e(IJKL)'V'N(0, 0 ). 
w e 
The source of variations, degrees of freedom, and expected mean squares 
for the analysis of variance are presented in Table 12. 
The F test for significance of the main effects and their inter­
actions were made according to the expected mean squares. The degrees of 
freedom and sums of squares of the main effects and their interactions 
were subdivided to obtain the orthogonal components as described 
earlier. 
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Table 12. Source of variations, degrees of freedom, and expected mean 
squares for the combined analysis of variance over years for 
cob growth experiments 
Source of variations Degrees of freedom Expected mean squares 
Environments (e) 1 S + da^ + rdto^ 
a e 
Reps/environments 8 
Entries (t) 21 
2 
a + dcj^ + rdg^ + red<^ 
a et t 
Environments x entries 21 
2 





Error (a) 168 
2 
a + da^ 
a 














+ rta ^ 
ed 
Entries x dates 105 
2 
a + 




Error (b) 880 
2 0 
Total 1319 
In addition to the statistical treatment of the data for entries and 
dates, the cob measurements for the final date were analyzed separately. 
Orthogonal comparisons as described previously were obtained. 
The linear regression coefficients for each entry over the six dates 
were calculated for the top and the second cobs. The ratio between 
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the final lengths of the second and top cobs were also calculated for each 
entry. 
The phenotypic correlations were calculated between pairs of L^, b^, 
L2, h2, L2/L2, b^, and x where 
= final length of the top cob 
bj^ = linear regression coefficient of top cob length over dates 
L2 = final length of the second cob 
b2 = linear regression coefficient of the second cob length over 
dates 
ratio of the final length of second cob and top cob 
b^ = linear regression coefficient of the yield of the testcross of 
each entry over the three plant densities combined over six 
environments 
ST = the average mean yield of each testcross over rates and environ­
ments. 
The calculations of the phenotypic correlation coefficients were done 
taking in account only the 20 entries; the checks were not included. 
Thus, there are 18 degrees of freedom for testing the significance of 
the r values. 
3. Effectiveness of visual and testcross selection to improve combining 
ability of inbred lines in three successive generations 
Data taken for yield and moisture at harvest were analyzed according 
to the standard procedure for the split-plot design. The model used for 
individual experiment is as follows: 
Y = A(I) + B(J) + AB(IJ) + C(K) + BC(JK) + e(IJK) 
TAIERE 
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= yield adjusted for moisture 
= moisture at harvest 
A = replications effect, i = 1-3 
B = families effect, j = 1-20 
C = generations effect, k = 1-4 
AB = main plot error {error (a)} 
E = subplot error {error (b)} 
2 2 
The assumptions for the model are that AB(IJ)'VN(0, a ) and E(IJK)M(0, a ) 
w e 
The source of variations, degrees of freedom, and expected mean squares 
for the analysis of variance are presented in Table 13. The calculations 
of the expected mean squares were made considering families and genera­
tions as fixed effects and replications as random effects. 
Table 13. Source of variations, degrees of freedom, and expected mean 
squares for the analysis of variance of the individual environ­
ment of the combining ability experiments 
Source of variations Degrees of freedom Expected mean squares 
Replications (r) 2 + ga^ + fgo^ 
a r 
l o o  
Families (f) 19 CT + ga + rgK 
a f 
Reps X families {error (a)} 38 0^ + gCT^ 
2 ? 
Generations (g) 3 a + rfK 
Families x generations 57 cr + r(C 
2 





The F test for the main effects and interactions were made according 
to the expected mean squares. 
The combined analysis was done on the basis of the entry means; con­
sequently, replications within environments sums of squares were estimated 
by pooling sums of squares from each individual environment and dividing 
by number of replications. Families and generations are considered fixed 
effects, but environments are considered random. The model used is as 
follows; 
Y^, Yg = A(I) + B(IJ) + C(K) + AC (IK) + BC(IJK) + D(L) + AD(IL) + 
CD(KL) + ACD(IKL) + e(UKL) 
where 
A = environments effects, i = 1-8 
B = reps/environments, j = 1-3 
C = families effects, k = 1-20 
D = generations effects, 1 = 1-4 
BC = the main plot error {error (a)} 
£ = the subplot error {error (b)} 
2 2 
The assumptions for the model are BC(IJK)'V'N(0, a ) and £(IJKL)'^'N(0, a ). 
w e 
The source of variations, degrees of freedom, and expected mean squares 
for the analysis of variance are presented in Table 14. 
The F tests for significance of the main effects and their inter­
actions were made according to the expected mean squares. Due to hetero­
geneity of error (b) mean squares over the eight environments, the tests 
of significance in the combined analysis will not be at the exact 
probability given. Precaution in the interpretations of the F test will 
be needed. 
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Table 14. Source of variations, degrees of freedom, and expected mean 
squares for the combined over eight environments for the 
combining ability experiments 
Source of variations Degrees of freedom Expected mean squares 




Environments x families 
19 
133 
2 2 2 2 
a + ga + rga ^ + regc 
a er r 
+ GA^ + RGCR^ 
a er 
Error (a) 304 + GO^ 
Generations (g) 
2 9 0 
a + rfa + erfc 
eg g 
Environments x generations 





2^ 2 ^  2 
a + rcT _ + reK^ 
efg fg 
Env X families x generations 399 
2 ^  2 
a + ra 
efg 
Error (b) 960 
Total 1919 
To study the trend of yield and moisture across generations the 
assumptions were made that generations are equally spaced and independent 
variables and yield and grain moisture are the dependent variables. The 
linear, quadratic, and cubic regression coefficients were computed using 
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the orthogonal polynomial coefficients for the four generations in Table 
15. 
Table 15. Orthogonal polynomial coefficients for four generations 
Coefficients Generations 
Check 
^2 ^3 ^4 
Linear -3 -1 +1 +3 
Quadratic +1 -1 -1 +1 
Cub ic -1 +3 -3 +1 
The basis of selection for the lines tested, as described for 
Materials, permit comparisons among and within groups. Consequently, 
the degrees of freedom and sums of squares were subdivided to give 
orthogonal comparisons as shown in Table 16. 
Table 16. Source of variations and degrees of freedom for the orthogonal 
comparisons at individual environments of the combining ability 
experiments 
Source of variations Degrees of freedom 
Replications 2 
Families 19 
(1 and 2) vs (3 and 4) 1 
1 vs 2 1 
• • 3 vs 4 1 
Among 1 4 
Among 2 4 
Among 3 4 
Among 4 4 





Families x generations yj 
{(1&2) vs (3&4)} X generations 3 
Linear i 
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Table 16 (Continued) 
Source of variations Degrees of freedom 
Quadratic 1 
Cubic 1 
























Error (b) 120 
Total 239 
The 20 families may be separated into four groups on the basis of 
their breeding history. The designations of these groups and the number 
of lines in each are shown in Table 17. With this grouping as the basis, 
orthogonal comparisons for the families and interactions involving fami­
lies were obtained. 
F tests for the orthogonal components of families in the combined 
analysis were calculated using the environments by family interaction 
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Table 17. Group description, symbol and number of families involved in 
each group for both types of breakdown of selections under 
study for combining ability experiments 
No. 
Group Description families 
Original plan OF 
1 Visual selection and high testcross performance VS.HP 5 
2 Visual selection and low testcross performance VS. LP 5 
3 Testcross selection and high testcross 
performance TC.HP 5 
4 Testcross selection and low testcross 
performance TO .LP 5 
Second plan SP 
1 Visual selection at high plant density VS.HS 4 
2 Visual selection at low plant density VS.LS 6 
3 Testcross selection at high plant density TC.HS 4 
4 Testcross selection at low plant density TC.LS 6 
mean squares as the denominator. Also, for the orthogonal comparisons in 
families x generations the denominator in the F tests was environments x 
families x generations. The partitioned mean squares in these error terms 
were not used in the F tests because with so few degrees of freedom the 
estimates may have considerable error. 
In addition to the statistical treatment of the data, the linear and 
quadratic regression coefficients for each family across generations were 
calculated for yield and moisture combined over eight environments. 
Linear and quadratic regression coefficients were also calculated for the 
group means across generations. 
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IV. EXPERIMENTAL RESULTS 
The data will be presented in two separate parts. Part a) is the 
evaluation of testcrosses of 20 inbred lines and three checks for the 
relationship between grain yield and plant and ear characters, and effects 
of plant stand densities on this relationship. This part includes a study 
on the rate of cob growth during the 15-day period before silk emergence 
for the two top ears of the inbred lines and the relationship of cob 
development to yield of the testcrosses. Part b) is a study on the 
effectiveness of selection in three successive generations in segregating 
material to improve combining ability in 20 inbred lines. 
A. Part a) 
This research included two groups of inbred lines, ten lines in each, 
that had distinct differences in testcross performance in the study of 
Russell and Teich (1967) presented in Table 1 of the Materials and Methods. 
The first group included lines whose testcrosses had high, positive linear 
regression for behavior with stand densities and/or high mean yields, de­
fined as a high performance group (HP). The second group included lines 
whose testcrosses had high, negative linear regression and lower mean 
yield than the first group, defined as a low performance group (LP). 
These two distinct groups were chosen to permit evaluations of relative 
effects of plant and ear characters in the yield potential of these 
materials. 
The mean yields over all testcrosses of selections and checks at 
three plant densities at each of six environments are presented in Table 
18. Although all yield data were obtained on a per-plant basis, they 
were converted to quintals per hectare because it is more common to use 
yield per area rather than yield per plant. Means over all densities 
for each environment and means of each density over all environments are 
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Table 18. Grain yield for three population densities at six environments 
Environment Yield in q/ha 
Mean Location Year Low^ Medium High 
Ames 1966 74.7 82.0 90.0 82.2 
Kanawha 1967 60.4 72.2 73.8 68.8 
Ames 1967 65.7 74.5 69.7 69.9 
Kanaidia 1968 64.8 73.4 81.7 73.3 
Ames 1968 67.9 76.7 83.5 76.0 
Ankeny 1968 57.7 58.3 56.0 57.3 
Mean 65.2 73.8 75.7 71.2 
^Plant densities. 
included. Ames, 1966, had the highest yield of all environments at all 
stand densities while Ankeny, 1968, averaged the lowest yield at all 
densities. The difference between the high and low yield environments 
over all densities was considerably greater than the difference between 
the high and low yield densities over all environments. Differences 
between the high and low yield environments were greatest at the high 
density and least at the low density; however, the variation in relative 
yields at the three densities among the environments was not great enough 
to give a significant interaction (Table 21). Only two environments, 
Ames in 1967 and Ankeny in 1968, showed a decrease in yield at the high 
density. The coefficient of variability (c.v. %) ranged from 7.6 to 14.4 
for yield of the six environments. Tables 51-56 of the Appendix. 
Mean yields of the testcrosses of the 20 selections and the three 
checks at the three plant densities, combined over six environments, are 
presented in Table 19. Linear and quadratic regression values are 
included. The analysis of variance for the combined yield data, with 
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Table 19. Average yield for 20 selected lines and three checks in test-
cross performance, data summarized for three population levels 
over six environments 
Yield in q/ha Regression coefficients 
Entry no.^ Low Medium High Mean ^ 
HP group 
01 65.8 77.2 79.9 74.3 7.05 -1.45 
02 63.3 73.6 81.3 72.7 9.00 -0.30 
03 66.7 75.8 80.0 74.2 6.65 -0.82 
04 67.8 76.7 79.3 74.6 5.75 -1.05 
05 65.2 69.7 73.8 69.6 4.30 -0.07 
06 67.5 74.1 79.7 73.8 6.10 -0.17 
07 68.6 76.0 85.7 76.8 8.55 -0.38 
08 66.1 74.5 76.6 72.4 5.25 -1.05 
09 63.8 70.5 74.8 69.7 5.50 -0.40 
10 67.2 77.5 91.0 78.6 11.90 -0.53 
X 66.2 74.6 80.2 73.7 7.00 -0.47 
LP group 
11 64.8 72.9 74.5 70.7 4.85 -1.08 
12 66.1 75.1 71.2 70.8 2.55 -2.15 
13 64.4 69.6 72.6 68.9 4.10 -0.37 
14 66.0 76.5 81.4 74.6 7.70 -0.93 
15 62.7 69.5 71.8 68.0 4.55 -0.75 
16 61.8 66.7 57.2 SI.9 -2.30 -2.40 
17 64.7 71.4 72.4 69.5 3.85 -0.95 
18 66.0 74.8 73.5 71.5 3.75 -1.68 
19 69.9 74.8 76.0 73.6 3.05 -0.62 
20 64.4 72.7 73.6 70.2 4.60 -1.23 
% 65.1 72.4 72.4 70.0 3.65 -1.22 
Checks 
21 65.1 72.8 73.9 70.6 4.45 -1.12 
22 57.1 66.9 68.9 64.3 5.90 -1.30 
23 64.5 68.1 71.7 68.1 3.60 0.00 
^See Table 1 for pedigrees of entry numbers. 
^Plant densities. 
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appropriate orthogonal comparisons among and within groups and linear 
and quadratic components of plant densities, is given in Table 21. 
Yield data for the individual environments and the analyses of variance 
for each experiment are given in Tables 45-50 and 51-56 of the Appendix, 
respectively. 
The mean yield of the testcrosses of the selected lines was greater 
than the mean for the checks (p < 0.01). Testcrosses of the HP group 
yielded 3.7 q/ha higher than testcrosses of the LP group, the difference 
being highly significant. Yields of the two groups differed by 1.1 q/ha 
at the low density, 2.2 q/ha at the intermediate density, and 7.8 q/ha 
at the high density. Differences among testcrosses were significant in 
the HP group and highly significant in the LP group. The relative yields 
for the two groups were similar to the results of Russell and Teich (1967), 
Table 1, and the testcrosses for entries 10 and 16 had the highest and 
lowest yields, respectively, in the two studies. 
The interaction of densities x entries was highly significant 
because of variations among the testcrosses in relative performance in the 
three plant densities. Most important of the orthogonal comparisons was 
the densities-linear x (HP group vs LP group). This comparison indicated 
a highly significant difference in the linear regression values for the 
two groups, b = 7.00 for the HP group, and b = 3.65 for the LP group. 
The HP group had a yield increase of 14.0 q/ha from the lowest to the 
highest density, but the LP group had a yield increase of only 7.3 q/ha. 
The LP group had an increase of 7.3 q/ha from the low to the intermediate 
density, but no further increase to the high density. Relative perfor­
mances of the two groups and three checks at the three densities 
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combined over six environments are shown best in Figure 1. Differences 
among individual testcrosses for response to stand densities were signifi­
cant in the HP group and highly significant in the LP group. All test-
crosses in the HP group had an increased yield at the high density as 
compared to the intermediate density, but only seven testcrosses in the 
LP group had highest yields at the high density. In the present study 
only entry 16 had a negative, linear regression, whereas in the Russell 
and Teich (1967) study all testcrosses in the LP group had negative, 
linear regressions (Table 1). This difference of response to stand 
densities in the two studies probably resulted because of environmental 
effects that caused higher yields in the present study. In three lower 
yield environments, Kanawha (1967), Ames (1967), and Ankeny (1968), 
(Tables 46, 47, and 50 of the Appendix), there were several more nega­
tive, linear regressions in the LP group, but still few negative values 
in the HP group. The highest yielding testcross in the HP group, entry 
10, had the highest linear regression value, and the lowest yielding 
testcross in the LP group, entry 16, had the only negative regression 
value (Table 19). 
Environments x entries interaction was highly significant, and all 
orthogonal comparisons in this interaction were highly significant 
(Table 21). Differences among environments were highly significant and, 
evidently, the testcrosses were affected differently by the productive 
potential of the environments. The interaction, environments x (HP vs 
LP), was highly significant because of variation in magnitude of the 
differences in mean yield of the two groups among the environments. 
There was no apparent relationship between yields levels of the 
Figure 1. Mean testcross yields of high and low performance groups, 
C103, M14 and (C103xM14) at three plant densities, data 
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environments and magnitude of the difference between the two groups. In 
all environments, the HP group had the greater mean yield. An appreciable 
portion of the environments x entries interaction was contributed by the 
check-testcrosses, mainly because of a relatively poor performance of 
C103 at Kanawha in 1967 and 1968 (Tables 46 and 48 of the Appendix). 
The second order interaction was not significant. Two of the 
orthogonal comparisons were significant at the 5% level, probably a 
sampling deviation rather than a real effect. This may be interpreted 
that the densities x entries interactions were consistent over environ­
ments and the environments x entries interactions were consistent over 
densities. 
The mean values for 12 agronomic characters of the testcrosses of 
20 selections and three checks at the three plant densities, combined 
over six environments, are presented in Tables 63-74 of the Appendix. 
The complete combined analyses of variance for these data are shown in 
Table 21. Means for the two groups and the testcross of M14xC103 are 
given in Table 20. Differences among mean values for all entries and 
all selections, combined over plant densities and environments, were 
highly significant for all characters (Table 21). Mean values of checks 
and selections differed significantly for all characters except plant and 
ear height. Differences among selections within groups gave greater 
mean squares in the HP group for six characters and in the LP group for 
six characters. 
The interaction of densities x entries was of much greater impor­
tance in ear characters than plant characters. None of the orthogonal 
comparisons in plant densities x entries interactions was significant 
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Table 20. Group means of 12 agronomie characters for 20 selected lines 
and the M14xC103 check in testcross performance, data summarized 
for three population levels over six environments 
Character 
Plant densities 
Group Low Med. High Mean 
Regression coefficients^ 
Rq 
Plant height (cm): 
Ear height (cm): 
No. ear/plant; 
Ear length (mm): 














Ch 23 214 216 216 215 0.87 -0.37 
HP 93 93 96 94 1.65 0.44 
LP 93 95 96 95 1.48 0.09 
Ch 23 94 95 97 95 1.60 -0.02 
HP 0.99 0.98 0.96 0.98 -0.015 -0.002 
LP 0.97 0.96 0.88 0.94 -0.045 -0.012 
Ch 23 0.96 0.95 0.89 0.93 -0.035 -0.008 
HP 195 182 156 178 -19.7 -2.1 
LP 197 182 146 175 -25.7 -3.5 
Ch 23 192 171 143 169 -24.5 -1.1 
' 
HP 50 48 44 47 -3.1 -0.4 
LP 48 46 40 45 -4.2 -0.8 
Ch 23 49 46 40 45 -4.2 -0.5 
HP 82.4 82.6 82.5 82.5 0.04 -0.06 
LP 81.7 81.7 81.2 81.5 -0.25 -0.10 
Ch 23 81.7 81.9 81.7 81.8 0.01 -0.05 
300-k.emel wt. (g) 
HP 85.1 79.1 71.5 
Kernel depth 
78.8 -6.79 -0.28 
LP 86.0 81.0 74.4 80.5 -5.83 -0.28 
CK 23 85.2 80.6 75.8 80.5 -4.71 -0.05 
HP 20 19 17 19 -1.4 -0.1 
LP 19 18 16 18 -1.5 -0.3 
Ch 23 19 18 16 18 -1.5 -0.3 
^Regression coefficients were calculated using more decimal places 
than given for the mean values presented for this table. 
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Table 20 (Continued) 
Plant densities Regression coefficients^ 







HP 755 692 561 669 -96.7 -11.3 
LP 731 658 490 627 -120.5 -15.9 
Ch 23 727 623 473 608 -127.2 -7.6 
HP 27.5 27.6 28.9 28.0 0.70 0.18 
LP 27.9 28.2 29.7 28.6 0.93 0.20 
Ch 23 27.9 28.1 29.5 28.5 0.80 0.18 
HP 27.0 26.7 27.1 26.9 0.04 0.11 
LP 27.1 27.0 27.5 27.2 0.22 0.11 
Ch 23 27.4 27.1 27.5 27.3 0.04 0.10 
HP 10.5 10.9 11.8 11.1 0.68 0.08 
LP 10.8 11.3 12.3 11.5 0.71 0.09 
Ch 23 10.5 11.0 12.0 11.2 0.77 0.08 
for ear height and only densities x among LP group (linear component) was 
highly significant for plant height. With the increase in plant densi­
ties, ear height increased for all entries and plant height increased for 
all except three entries (Tables 63 and 64 of the Appendix). Densities 
X among selections was highly significant for all ear characters (Table 
21). For all ear characters except shelling percent, the mean values 
for entries usually decreased as plant density increased. The differ­
ential effect of plant densities on ear characters was greater among 
selections in the LP group than in the HP group. In most cases where 
there was a significant interaction involving plant densities, it was 
caused mainly by differences for the linear component. The relative 
Table 21. Analyses of variance of 13 agronomic characters for 20 selected lines and three checks in 
testcross performance combined over six environments 
Source of variations Degrees of freedom Mean squares 
No, ear 
Yield per plant' 
** 
Environments 5 24922.9 4.77 
Replication/environments 24 1737.4** 
244357.7 
0.41* 
Densities 2 16.11 
Environments x densities 10 967.1 1.18 




1.55** Entries 22 
Selections vs checks 1 3.25 
Among selections^ 19 9000.9 
4778.6** 
1.25** 
12.84** HP vs LP 1 
Among HP 9 639.0* 0.29 
Among LP 9 1019.2** 1.34** 
Among checks 2 1206.7** 1.69** 
(M14&C103) vs (M14xC103) 1 74.0 0.02 
M14 vs C103 1 2339.3** 
159.3** 
3.36** 
0.35 * Densities x entries 44 
Densities x (sel vs ch) 2 38.9 0.10 
Linear 1 71.9 0.02 




























































0 . 2 2  
0.41 
0 .02  
** 
^Observed values were multiplied by 10^. 
Orthogonal comparisons based on reasons lines were selected for the study (Table 1). 
^5% significant differences in this and all following tables. 
** 1% significant differences in this and all following tables. 
Table 21 (Continued) 
Source of variations Degrees of freedom 
Densities x (among sel) 38 
Densities x (HP vs LP) 2 
Linear 1 
Quadratic 1 
Densities x (among HP) 18 
Linear 9 
Quadratic 9 
Densities x (among LP) 18 
Linear 9 
Quadratic 9 
Densities x (among checks) 4 
Dens x{(M14&C103)vs(Ml4xC103)} 2 
Linear 1 
Quadratic 1 
Densities x (M14 vs C1Q3) 2 
Linear 1 
Quadratic 1 
Environments x entries 110 
Env X (sel vs checks) 5 
Env X (among sel) 95 
Env X (HP vs LP) 5 
Env X (among HP) 45 
Env X (among LP) 45 
Env X (among checks) 10 
Env X (M14&C103)vs(Ml4xC103) 5 
Env X (M14 vs C103) 5 
Env X densities x entries 220 
Env X densities x (sel vs ch) 10 
Linear . 5 
Quadratic 5 
Mean squares 
No. ear Plant Ear Ear 
Yield per plant^ height height length 
157.3** 0.39** 26.59 6.84 1.70** 
771.1** 2.74** 17.99 11.95 12.61*% 
1360.4 * 4.00** 24.32 1.77 21.43 
181.8 1.48** 11.65 22.12 3.79 
119.2* 0.06 18.92 4.70 0.41 
169.1* 0.10 24.78 4.80 0.55 
69.4^ 0.02 13.05 4.61 0.27 
127.2%* 0.472% 35.22%* 8.40 1.78 
192.8 0.82 53.24 11.55 2.74 
61.7 0.11 17.20 5.26 0.83 
238.6 0.12 8.81 6.85 1.76* 
252.3* 0.05 1.18 6.25 1.42 
231.1 0.02 0.11 4.68 1.52 
273.4 0.07 2.24 6.00 1.31 
225.0 0.19 16.45 7.50 2.11 
438.6 0.11 6.00 5.23 3.10 
11.4 0.27** 26.89 9.68 1.12 
269.6^^ 0.17 25.62* 18.37.. 1.62.* 
239.0** 0.11. 32.87 24.56?" 6.91%% 
188.5** 0.16 21.50* 15.89** 1.06** 
485.7** 0.23 44.00** 27.56** 3.00** 
201.1** 0.07** 28.39 19.62 0.87 
217.0** 0.23** 22.58 17.34 1.55** 
772.8** 0.32 * 28.99 12.95 2.77 * 
324.5** 0.30* 22.36 9.60 1.11** 
1221.2** 0.34** 35.63 16.31 4.42** 
76.6 0.13 19.15 7.23 0.54 
152.5* 0.16 2.76 9.29 0.84 
107.9 0.21 3.66 8.90 0.85 
199.1 0.11 1.86 9.72 0.83 
Table 21 (Continued) 
Source of variations Degrees of freedom 
Env X densities x (among sel) 1^0 
Env X densities x (HP vs LP) 10 
Linear ^ 
Quadratic ^ 
Env X densities x (among HP) 
Linear 45 
Quadratic 
Env X densities x (among LP) 
Linear ^5 
Quadratic 
Env X densities x (among checks) 20 
Env X den x{(M14&C103)vs(Ml4xC103)} 10 
Linear ^ 
Quadratic 
Env X densities x(MlA vs G103) 
Linear 
Quadratic 







Environments x densities 10 
Error (a) 48 
Mean squares 
No. ear 
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Table 21 (Continued) 
Source of variations Degrees of freedom Mean squares 
Entries 22 
Selections vs checks 
Among selections 




CM14&C103) vs (MUxClOS) 
M14 vs G1Q3 
Densities x entries 44 
Densities x (sel vs ch) 
Linear 
Quadratic 
Densities x (among sel) 
Densities x (HP vs LP) 
Linear 
Quadratic 
Densities x (among HP) 
Linear 
Quadratic 
Densities x (among LP) 
Linear 
Quadratic 












Ear Shelling Kernel 


























































































































































































































Table 21 (Continued) 
Source of variations Degrees of freedom 
Environments x entries 110 
Env X (sel vs checks) 5 
Env X (among sel) 95 
Env X (HP vs LP) 5 
Env X (among HP) 45 
Env X (among LP) 45 
Env X (among checks) 10 
Env x{(M14&C103)vs(M14xClQ3)} 5 
Env X CM14 vs CIO3) 5 
Env X densities x entries 220 
Env X densities x (sel vs ch) 10 
Linear 5 
Quadratic 5 
Env X densities x (among sel) 190 
Env X densities x (HP vs LP) 10 
Linear 5 
Quadratic 5 
Env X densities x (among HP) 90 
Linear 45 
Quadratic 45 
Env X densities x (among LP) 90 
Linear 45 
Quadratic 45 
Env X densities x (among ch) 20 
Env X den X{(M14&C103)vs(Ml4xC103)} 10 
Linear 5 
Quadratic 5 





Ear ^ Shelling Kernel Kernel No. seeds 
diameter percent depth^ weight per plant 
5.22** 0.94** 1.70** 19.47** 3234.1** 
j:::-
3.68 3.84^^ 1.47 17.98** 736.4^ 
2.05 1.15 1.11** 19.36 * 2450.4** 
6.55** 0.25** 2.00 * 16.19** 3289.9 
9.81* 1.80 2.35 * 16.83 7690.8 
6.75%* 1.34** 2.28%% 8.01 2617.6^* 
12.88.. 2.25** 2.41 25.66 1276.0 
4.45 0.44 0.49 6.21 1241.8** 
4.09 0.63 0.94 5.68 2276.2 
4.74 0.68 1.16 7.10 709.1 
3.45.. 0.57 0.71 4.27 3843.2 
4.72 * 0.41 0.41.. 6.37 1233.8 
7.40** 0.42 1.59** 8.06. 1681.2 
10.76 0.18 2.11 13.58 1352.6 
4.05 0.65 1.07 2.54 2009.7 
1.42 0.42 0.74 6.80** 1008.9 
1.44 0.26* 0.79 9.00 949.0 
1.39. 0.59 0.69** 4.58 1068.7.. 
3.65 0.40 1.13%* 5.79 1409.1* 
3.44. 0.49 1.15** 6.18 1415.1 
3.86 0.30 1.10 5.41 1403.0 
2.07 0.72 0.95 4.87 800.2 
1.91 0.36 0.93 4.13 672.5 
1.62 0.20 1.07 5.36 730.2 
2.50 0.54.. 0.80 2.90 614.8 
2.23 1.07 0.96 5.61 927.8 
2.72 1.85** 1.45 4.79 651.7 
1.75 0,29 0.46 6.44 1203.9 
Table 21 (Continued) 
Source of variations Degrees of freedom 






Environments x densities 4 
Error (a) 24 
Entries 22 
Selections vs checks 1 
Among selections 19 
HP vs LP 1 
Among HP 9 
Among LP 9 
Among checks 2 
CM14&C103)VS(M14XC1Q3) 1 
M14 vs CIO3 1 
Densities x entries 44 
Densities x (^el vs qh) 2 
Linear 1 
Quadratic 1 
Densities x (among sel) 38 




Ear Shelling Kernel 
diameter percent depth 
2.66 0.36 0.65 
7.93 1.63 10.00 
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Table 21 (Continued) 
Source of variations Degrees of freedom 
Densities x (among HP) 18 
Linear 9 
Quadratic 9 
Densities x (among LP) 18 
Linear 9 
Quadratic 9 
Densities x (among checks) 4 
Dens x{(M14&C103)vs(M14xClQ3)} 2 
Linear 1 
Quadratic 1 
Dens X (M14 vs CIO3) 2 
Linear 1 
Quadratic 1 
Environments x entries 44 
Env X Csel vs checks) 2 
Env X (among sel) 38 
Env X (HP vs LP) 2 
Env X (among HP) 18 
Env X (among LP) 18 
Env X (among checks) 4 
Env x{(M14&ClQ3)vs(Ml4xClQ3)} 2 
Env X (M\4 vs C1Q3) 2 
Env X densities x entries 88 
Env X densities x (sel vs ch) 4 
Linear 2 
Quadratic 2 
Env X densities x (among sel) 75 




Silking Shedding (Silking date-
date date shedding date)+10 
0.27. 0.24 0.23 
0.41 0.29 0.31 
0.14. 0.19 0.15 
0.31 0.26 
0.42 0.33 
0.13 0.21 0.28 
0.16 0.14 0.44 
0.03 0.00 0.04 
0.00 0.00 0.00 
0.06 0.00 0.07 
0.28 0.28 0.85 
0.56 0.16 1.33 
0.00 0.40 0.36 
0.75** 0.36 
0.38,, 0.45 
0.81 1.06** 0.38 
O'GG** 




0.41 0.45 0.13 
0.45 0.18. 0.13 
0.38 0.68 0.13 
0.18 0.24 0.23 
0.12 0.08 0.17 
0.13 0.06 0.24 
0.12 0.11. 0.11 
0.19 0.26 0.22 
0.26 0.44 0.23 
0.39 0.71 0.35 
0.14 0.17 0.12 
Table 21 (Continued) 
Source of variations Degrees of freedom Mean squares 
Silking Shedding (Silking date-
date date shedding date'i+lO 
Env X densities x (among HP) 36 0.23 0.19 0.21 
Linear 18 0.21 0.22 0.25 
Quadratic 18 0.25 0.15* 0.17 
Env X densities x (among LP) 36 0.19 0.31*, 0.25 
Linear 18 0.18 0.38 0.39 
Quadratic 18 0.19 0.24 0.11 
Env X densities x (among checks) 8 0.16 0.15 0.35 
Env X den x{(MlA&G103)vs(M14xC103)} 4 0.28 0.25 0.60 
Linear 2 0.30 0.16 0.09* 
Quadratic 2 0.26 0.35 1.12 
Env X densities x(M14 vs C103) 4 0.04 0.05 0.10 
Linear 2 0.07 0.03 0.17 
Quadratic 2 0.02 0.07 0.03 
Error 792 0.27 0.20 0.26 
Total 1034 
C.V. (%] 4.10 3.69 10.14 
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dates of pollen shed among the testcrosses were not affected signifi­
cantly by plant density, but for date silked the densities x among 
selection interaction was highly significant. The stress effect of 
increasing plant density was to cause a delay in silk emergence, but 
the effect varied among the testcrosses. By contrast, increasing plant 
density had little effect on development of the male inflorescence. 
Environments x entries was significant, or highly significant, for 
all characters and environments x selections was highly significant for 
all characters except plant height and (silking date-shedding date) 
difference. The differential effect of environments on the testcross 
means was similar among selections in the two groups. Environments x 
among checks was highly significant for all ear characters, caused in 
most cases by highly significant variations among environments for the 
comparison of Ml4vsC103 testcrosses. 
The second order interaction, environments x densities x selections, 
was significant, or highly significant, for number of ears per plant, 
ear diameter, and number of seeds per plant. In addition, there were a 
few significant, or highly significant, orthogonal comparisons, indicat­
ing examples ^ere the differential effects of densities were not con­
sistent among environments and the differential effects of environments 
were not consistent at the three densities. 
Comparisons of group means and the testcross of Ml4xC103 can be 
made for the data in Table 20. Differences between the HP and LP groups 
were highly significant for all characters except plant and ear heights, 
ear length, and date pollen shed. The differential effect of plant 
densities on the group means was not significant for plant and ear 
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heights, but was significant, or highly significant, for all ear charac­
ters. The mean values for the HP group were greater than for the LP 
group for all ear characters except 300-kemel weight where the LP group 
had the greater values. In all ear characters, the densities-linear x 
(HP vs LP) comparison was highly significant indicating that the change 
in mean value (R^ in Table 20) from the low to the high density was not 
the same for the two groups. Data in Table 20 show that for all ear 
characters except 300-kemel weight the decrease in mean values was 
greater for LP group than for HP group. The linear component of densi­
ties X (HP vs LP) was significant for shedding date and highly signifi­
cant for silking date. For both characters the number of days delay 
from the low to the high density was greater for the LP group than the 
HP group. 
The environmental effect on magnitude of the differences between 
means of HP group and LP group varied significantly, or highly signifi­
cantly, for all characters except ears per plant, ear diameter, seeds 
per plant, and dates of silk emergence and pollen shedding. For yield, 
environments x (HP vs LP) was highly significant, but only four of 
seven ear characters had significance for this interaction. Second 
order interactions were significant for ear length and highly signifi­
cant for ears per plant, ear diameter, and kernel depth. 
As outlined in Materials and Methods, Table 10, the 20 selections 
belong to five groups based upon the breeding methods used in developing 
the lines (Russell and Teich, 1967). Mean yields for these groups and 
the testcross of M14xC103 are given in Table 22 and the part of the com­
bined analyses of variance for all characters relative to testcrosses of 
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Table 22. Average yield for five groups of selections and the M14xC103 
check in testcross performance, data summarized for three 
population levels over six environments 
Breeding 
group 
Yield in q/ha 
Mean 
Regression coefficient^ 
Low^ Medium High 
0 (TC.B) 64.6 75.4 80.7 73.5 8.03 -0.88 
1 (TC.H) 65.8 73.3 77.2 72.1 5.68 -0.59 
2 (TC.L) 65.5 73.4 74.6 71.2 4.54 -1.11 
3 (VS.H) 66.3 74.1 77.8 72.7 5.76 -0.89 
4 (VS.L) 65.3 72.2 75.5 70.2 5.10 -1.20 
Check 23 64.5 68.1 71.7 68.1 3.60 0.00 
^Regression coefficients were calculated using more decimal places 
for the means than presented here. 
Entries represented in each group are as follows: 
group 0, entries 01 and 02 
group 1, entries 04, 05, 06, 14, and 15 
group 2, entries 03, 11, 12, and 13 
group 3, entries 09, 10, 18, 19, and 20 
group 4, entries 07, 08, 16, and 17. 
Plant densities. 
the selections is given in Table 23. Analyses of variance for characters 
in individual environments are in Tables 57-62 of the Appendix. Figure 2 
shows the plots for the five groups and the testcross of M14xC103 at the 
three densities. 
The differences among group mean yields were not significant. In 
the orthogonal comparisons for groups, the greatest difference was between 
groups 3 and 4, and this was significant at the five percent level. 
Differences among testcrosses within groups were greatest in group 4, 
mainly because of the low value for entry 16. Lines in group 4 were 
selected on the basis of phenotype appearance at a low stand level. The 
Table 23. Part of the analyses of variance of 13 agronomic characters for 20 selected lines and 
three checks in testcross performance combined over six environments 
Source of variations Degrees of freedom Mean squares 
No. ear Plant Ear Ear 
Yield per plant^ height height length 





Group 0 vs (1&2&3&4) 1 305.2 4.63 





1 vs 2 1 124.8. 0.17. 7.58 
3 vs 4 1 1114.9 1.06* 1.79 
Among 0 1 208.3. 0.28. 17.92 




Among 1 4 891.8 0.51* 






Among 3 4 
Among 4 3 
Densities x among selection 38 157.3%% 
417.5** 
760.7 
0.39** 26.59 6.84 :::: Densities x {0 vs (1&2&3&4)} 2 0.26 59.00* 14.50 
Linear 1 0.38 82.60 12.79 7.19 
Quadratic 1 74.2 0.14 35.32 16.18 0.00 
Densities x {(1&2) vs (3&4)} 2 9.4 0.05 11.52 3.85 0.75 
Linear 1 18.3 0.09 18.38 3.89 1.37 
Quadratic 1 0.5 0.01 4.67 3.71 0.13 
Densities x (1 vs 2) 2 74.8 0.05 26.69 4.02 0.97 
Linear 1 75.6 0.08 23.69 1.96 1.92 
Quadratic 1 73.9 0-02** 29.69 6.09 0.01 
Densities x (3 vs 4) 2 84.6 18.72 0.88 
Linear 1 162.4 14.02 0.36 
Quadratic 1 6.8 0.15 23.42 1.42 1.44 
^Observed values were multiplied by 10 . 
b 
Orthogonal comparisons based on breeding groups. 
Table 23 (Continued) 
Source of variations Degrees of freedom 
Densities x among 0 2 
Linear 1 
Quadratic 1 
Densities x among 1 8 
Linear 4 
Quadratic 4 
Densities x among 2 6 
Linear 3 
Quadratic 3 
Densities x among 3 8 
Linear 4 
Quadratic 4 
Densities x among 4 6 
Linear 3 
Quadratic 3 
Env X among selections 95 
Env X {group 0 vs (1&2&3&4)} 5 
Env X {(1&2) vs (3&4)} 5 
Env X (1 vs 2) 5 
Env X (3 vs 4) 5 
Env X among 0 5 
Env X among 1 20 
Env X among 2 15 
Env X among 3 20 
Env X among 4 15 
Env X densities x among selection 190 













































Plant Ear Ear 
height height length 
33.18 4.49 0.32 
64.68 1.50 0.21 
1.68 7.48 0.43 
32.56 8.56 0.23 
58.60 14.04 0.20 
6.52 3.11 0.32 
48.10* 1.42 0.84 
67.02 1.23 1.06 
29.13 1.61 0.71 
15.80 8.61 1.57** 




8.93 9.00 1.78 
21.50* 15.89** 1.06** 
44.77 12.45 1.23* 







A:IIT 0.48 0-88** 









Table 23 (Continued) 
Source of variations Degrees of freedom Mean squares 
No. ear Plant Ear 
Yield per plant^  height height 
Quadratic 5 147.7 0.06 30.72 11.30 
Env X densities x { (1&2) vs (3&4)} 10 22.2 0.21 22.12 3.89 
Linear 5 21.8 0.31 25.90 4.80 
Quadratic 5 22.6 0.10 18.38 2.98 
Env X densities x (1 vs 2) 10 42.5 0.10 16.20 9.89 
Linear 5 40.9 0.11 23.60 10.22 
Quadratic 5 44.1 0.09 8.80 9.57 
Env X densities x (3 vs 4) 10 45.6 0.16 11.38 6.17 
Linear 5 22.0 0.12 6.71 4.04 
Quadratic 5 69.1 0.20 16.06 8.30 
Env X densities x among 0 10 30.2 0.05 17.98 4.83 
Linear 5 48.1 0.07 20.00 6.72 
Quadratic 5 12.4 0.03 16.11 2.94 
Env X densities x among 1 40 99.1 0.12 13.45 9.01 
Linear 20 103.4 0.17 12.42 5.40 
Quadratic 20 95.3 0.07 14.50** 12.62 
Env X densities x among 2 30 92.8 0.10 5.58 
Linear 15 58.7 0.10 7.06 
Quadratic 15 133.9* 0.10 16.43 4.09 
Env X densities x among 3 40 54.3 0.07 11.82 6.96 
Linear 20 64.2 0.09 16.09 6.34 
Quadratic 20 44.5 12.56 7.58 
Env X densities x among 4 30 93.7 10.46 6.22 
Linear 15 92.7 10.79 6.03 




























Table 23 (Continued) 




Group 0 vs (1&2&3&4) 
(1&2) vs (3&4) 
1 vs 2 






Densities x among selection 
Densities x {O vs (1&2&3&4)} 
Linear 
Quadratic 
Densities x {(1&2) vs (3&4)} 
Linear 
Quadratic 
Densities x (1 vs 2) 
Linear 
Quadratic 
Densities x (3 vs 4) 
LINEAR 
Quadratic 
Densities x among 0 
Linear 
Quadratic 




















































Shelling Kernel Kernel No. seeds 
percent depth* weight per plant 
12.50** 22.90** 384.12** 30762.7** 
5.06 59.10 1200.88* 38298.2** 
2.62 25.56 530.48** 39751.5** 
18.02 0.72 352.16** 33231.4** 
2.67 50.93 1061.43** 16438.5 
1.95^  ^ 0.03 14.26 276.7__ 
6.26** 9.85** 369.85** 17027.2** 
36.92** 31.82** 481.86** 36412.5 * 
4.60** 22.64** 418.00^  ^ 16806.1** 
30.18 47.33 231.65 101400.8 
0.91** 1.64** 17.58** 3953.3** 
2.91** 1.61 1.86 6919.3** 
5.73 2.66* 0.43 13823.9 
0.07 0.56 3.29** 14.7 
0.21 1.31 33.57** 2102.3 
0.00 0.07* 66.76 3688.6 
0.41 2.54 0.37 515.9 
0.15 0.01 21.47 2615.0 
0.18 0.01 42.88** 4513.6 
0.12 0.00 0.07 716.0 
1.52 3.65., 4.34 5081.4** 
0.72 7.26 4.33 10102.8 
2.31 0.03 4.35 60.1 
1.31* 0.91 7.98 594.3 
2.26 0.43 3.00 1048.1 
0.36 1.39 12.97 140.6 
0.27 0.62 13.72 2268.4 
0.16 0.73 13.65 3345.6 
0.33 0.52 13.80 1191.4 
Table 23 (Continued) 
Source of variations Degrees of freedom 
Ear 
diameter* 
Densities x among 2 6 2.71 
Linear 3 3.31 
Quadratic 3 2.11 
Densities x among 3 8 4.72 
Linear 4 5. 31 
Quadratic 4 4.11 
Densities x among 4 6 39.26 
Linear 3 63.79* 
Quadratic 3 14.80 
Env X among selections 95 4.09 
Env X {group 0 vs (1&2&3&4)} 5 4.24 
Env X {(1&2) vs (3&4)} 5 4.16 
Env X (1 vs 2) 5 4.49 
Env X (3 vs 4) 5 4.92 
Env X among 0 5 0.98 
Env X among 1 20 4.51 
Env X among 2 15 2.50 
Env X among 3 20 2.49 
Env X among 4 15 11.93' 
Env X densities x among selection 190 4.72** 
Env X densities x {0 vs (1&2&3&4)} 10 2.79 
Linear 5 3.12 
Quadratic 5 2.46 
Env X densities x {(1&2) vs (3&4)} 10 3.11 
Linear 5 4.97 




Shelling Kernel Kernel No. seeds 
percent depth* weight per plant 
0.18 0.83 12.06 2435.0 
0.30 0.32 31.48 3031.1 
0.06 1.33* 5.97.. 1838.7.. 
0.80 0.72 28.20 6319.7** 
1.06* 0.92 53.37** 11631.2 
0.49** 0.57 2.96 1008.2 
2-20** 5.33** 12.00** 5380.9** 
3.46 8.40** 26.63 9159.6 
0.90 2.26 0.70 1602.2 
0.75** 1.41** 15.99** 2511.4** 
1.46** 1.21 44.44 5379.6** 
0.07 1.58 18.27** 2133.9 
1.36** 2.00** 20.28. 1434.0** 
2.00** 2.27** 12.78 3861.6 
s::-
0.54** 1.04 15.09 * 1789.8^  ^
0,97 1-01 ^  15.75** 3590.3** 
0.71* 3.34 16.65 3994.5 
** 
0.41 0.41 6.37 1233.8 
0.53 0.45 7.35 604.3 
0.19. 0.71 7.29 354.6 
0.86 0.20 7.41 854.0 
0.40 1.39.. 4.16 651.7 
0.30 2.08 5.11 739.5 
0.50 0.69 3.22 563.9 
Table 23 (Continued) 
Env X densities x (1 vs 2) 10 
Linear 5 
Quadratic 5 
Env X densities x (3 vs 4) 10 
Linear 5 
Quadratic 5 
Env x densities x among 0 10 
Linear 5 
Quadratic 5 
Env X densities x among 1 40 
Linear 20 
Quadratic 20 
Env X densities x among 2 30 
Linear 15 
Quadratic 15 
Env X densities x among 3 40 
Linear 20 
Quadratic 20 
Env X densities x among 4 30 
Linear 15 
Quadratic 15 
Among selections^  19 
Group 0 vs (1&2&3&4) 1 
(1&2) vs (3&4) 1 
1 vs 2 1 
3 vs 4 1 
Mean squares 
300 
Ear Shelling Kernel Kernel No. seeds 
diameter^  percent depth^  weight per plant 
2.05 0.36 0.96^  6.11 958.5 
3.29 0.51 1.53 5.13 650.4 
0.81 0.20 0.39 7.09 1266.6. 
2.50 0.46. 0.99 7.30 2118.2 
0.69 0.85 1.36 8.80 1038.3, , 
3198.1*' 4.29 0.07 0.62 5.80 
0.61 0.20 0.25 7.82 331.2 




0.26 0.51. 3.96 498.2*, 
1839.7*. 
2147.8*^ 
0.40 0.96 5.71 
0.37 1.02 6.79 
2.74 0.44 0.90 4.64 1481.7* 
2.56 0.40 0.96 6.27 1461.7 
1.75 0.39 0.74. 5.49 1324.7* 
3.50 0.35 1.19 8.05* 1598.6 
1.30 0.40 0.74 8.06*. 
12.22** 
877.7 
1.39 0.17 0.92 985.3 
0.55. 3.90 770.1 
0.53 4.83 1174.6 
4.81* 0.49 6.44 991.9 
5.20 0.58 3.31 1357.3 
Silking Shedding (Silking date-
date date shedding date)+10 
18:73** r.90** 
1.14 4.63** 1.24* 
0-50** 0-87** 
11.42 1.90 3.76 
Table 23 (Continued) 
Source of variations Degrees of freedom 
Among 0 1 
Among 1 4 
Among 2 3 
Among 3 4 
Among 4 3 
Densities x among selection 38 
Densities x {O vs (1&2&3&4)} 2 
Linear 1 
Quadratic 1 
Densities x { (1&2) vs (3&4)} 2 
Linear 1 
Quadratic 1 
Densities x (1 vs 2) 2 
Linear 1 
Quadratic 1 
Densities x (3 vs 4) 2 
Linear 1 
Quadratic 1 
Densities x among 0 2 
Linear 1 
Quadratic 1 
Densities x among 1 8 
Linear 4 
Quadratic 4 




Silking Shedding (Silking date-
date date sheddina date)+10 
6.37* 6.02 2.00 
0.96 2.17 1.58 
** 
0.35 0.29 0.23 
0.26 0.54* 0.08 
0.43 1.00 0.15 
0.08 0.09 0.00 
0.09 0.51 0.17 g 
0.15 0.75 0.21 
0.03 0.27 0.13 
0.05 0.51 0.33 
0.09 0.22 0.03 
0.01 0.79 0.62 
0.14 0.09 0.07 
0.27 0.17 0.04 
0.02 0.02 0.11 
0.54 0.38. 0.03 
1.08 0.75 0.01 
0.00 0.01 0.04 
0.26 0.07 0.22 
0.17 0.40 0.15 
0.31 0.09* 0.40 
0.24 0.60 0.30 
0.43 0.37 0.30 
0.05 0.36 0.27 
Table 23 (Continued) 
Source of variations Degrees of freedom 
Densities x among 3 8 
Linear 4 
Quadratic 4 
Densities x among 4 6 
Linear 3 
Quadratic 3 
Env X among selections 38 
Env X {group 0 vs (1&2&3&4)} 2 
Env X {(1&2) vs (3&4)} 2 
Env X (1 vs 2) 2 
Env X (3 vs 4) 2 
Env X among 0 2 
Env X among 1 8 
Env X among 2 6 
Env X among 3 8 
Env X among 4 6 
Env X densities x among selection 76 
Env X densities x {0 vs (1&2&3&4)} 4 
Linear 2 
Quadratic 2 
Env X densities x {(1&2) vs (3&4)} 4 
Linear 2 
Quadratic 2 
















































































Table 23 (Continued) 
Source of variations Degrees of freedom Mean squares 
Silking Shedding (Silking date-
date date shedding date)+10 
Env X densities x (3 vs 4) 4 0.58 0.28 0.21 
Linear 2 0.42 0.04 0.24 
Quadratic 2 0.75 0.53 0.19 
Env X densities x among 0 4 0.10 0.25 0.12 
Linear 2 0.07 0.48 0.17 
Quadratic 2 0.14 0.02 0.07 
Env X densities x among 1 16 0.17 0.16 0.14 
Linear 8 0.09 0.11 0.14 
Quadratic 8 0.25 0.20 0.14 
Env X densities x among 2 12 0.06 0.22 0.20 
Linear 6 0.04 0.13 0.20 
Quadratic 6 0.09 0.32 0.18 
Env X densities x among 3 16 0.26 0.27 0.27 
Linear 8 0.32 0.33 0.41 
Quadratic 8 0.20 0.23. 0.14* 
Env X densities x among 4 12 0.22 0.40 0.43* 
Linear 6 0.30 0.73** 0.70* 
Quadratic 6 0.15 0.03 0.20 
Figure 2. Mean testcross yields of five breeding groups and 
(C103xM14) at three plant densities, data averaged 
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superiority in yield performance of the groups as compared with tho 
testcross of M14xC103 is evident in Figure 2. 
Group 0 had the highest mean yield, primarily because of its greater 
yield at the high plant density. The orthogonal comparison of group 0 vs 
groups 1, 2, 3, 4 X densities-linear was highly significant. Group 0 has 
two selections that were developed on the basis of testcross performance 
at both high and low stand densities. The group 2 testcrosses of lines 
developed on the basis of testcross performance at low stand density had 
the lowest linear value, but the differences among groups 1, 2, 3, and 4 
for linear response did not give a significant F test. Differences 
among testcrosses for linear values were greater in groups 3 and 4, the 
visually selected lines, than in groups 1 and 2, the testcross selected 
lines. 
The differences between group 0 and groups 1, 2, 3, 4, and between 
groups 3 and 4 were not consistent among environments. The interaction 
of environments x among selections within groups was not significant for 
group 0, significant for group 2, and highly significant for groups 1, 
3, and 4. Second order interactions were relatively unimportant. 
For the other plant and ear characters, the analyses of variance 
showed significant and highly significant F tests for most of the com­
parisons between groups and among testcrosses within groups. First 
order interactions involving environments and testcrosses were important 
for most characters except ears per plant, plant height, and ear diameter. 
First order interactions of densities with testcrosses were generally of 
lesser importance than environments x testcrosses interactions. There 
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were only a few instances of significant, or highly significant, second 
order interactions. 
Phenotypic and genotypic correlation coefficients between yield 
and the 12 agronomic characters for 23 testcrosses are presented in Table 
24. These values were calculated from combined analyses of covariance 
over all environments. The highest phenotypic and genotypic correlations 
were obtained between yield and number of ears per plant. Ears per plant 
varied among testcrosses because of barrenness, rather than the produc­
tion of more than one ear per plant, and barrenness was most prevalent at 
the highest plant density (Table 65 of the Appendix). Probably there was 
a close relationship among the characters ear diameter, kernel depth, and 
shelling percent, and each of these characters had highly significant 
phenotypic correlations with yield; the importance of ear length to yield, 
however, was less. There were highly significant differences among test-
crosses for kernel weight, but this character had no relationship to 
yield. Number of seeds per plant, vAiich would be determined partly by 
number of ears per plant, had highly significant phenotypic correlations 
with yield. Although there were important differences among the test-
crosses for plant and ear heights (Table 21), these had no significant 
effect on yield. Maturity, on the basis of dates of pollen shedding and 
silk emergence, had no significant relationship with yield; the difference 
between pollen shedding and silk emergence dates, however, had a signifi­
cant relationship with, yield. Since the association was negative, it 
shows that as the silking date relative to shedding date was delayed, the 
yield was decreased. Actually, the delay in silk emergence was probably 
effective in causing barrenness, and there was a high, positive 
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Table 24, Phenotypic (r^ )^ and genotypic (r^ ) correlation coefficients 
between yield and 12 agronomie characters for 20 entries and 
three checks, data summarized over six environments 
r-values^  with yield 
Characters 


























r^-values for 21 degrees of freedom at probability level of: 
5% = 0.41; *significant differences, 
1% = 0.53; **highly significant differences. 
relationship between yield and number of ears per plant. In general, 
genotypic correlations were of greater magnitude than were the phenotypic 
correlations. 
Phenotypic correlation coefficients between yield and 12 plant and 
ear characters for testcrosses of the 20 selections were calculated at 
each stand density and for the testcross means over all densities. The 
r-values are given in Table 25. The magnitude of the r-values and number 
of significant r-values increased as the stand density increased. Gen­
erally, the r-values based on the testcross mean values over all densi­
ties were less than the r-values for the high density but greater than 
for either the low or intermediate densities. At the low stand level, 
only plant and ear heights were significantly correlated with yield. 
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At the intermediate density, ear diameter and shelling percentage, in 
addition to plant and ear height, were significantly correlated with 
yield. At the high density, all characters except 300-kemel weight 
silking date, and pollen shedding date were correlated significantly, or 
highly significantly, with yield. The highest r-value was between yield 
and ears per plant at the high density. The effect of ears per plant was 
actually an effect of barrenness because there were few second ears on any 
of the testcrosses, even at the low density. The correlation between 
yield and delay of silk emergence relative to pollen shedding was negative 
and highly significant. Probably the delayed silking enhanced barrenness. 
Table 25. Phenotypic correlation coefficients between grain yield and 12 
agronomic characters for testcrosses of 20 selections, data 
summarized over environments 
 ^ r-values^  with grain yield 
Characters LowC Medium High Mean 
* 0.56** 0.58** 
0.54* 0.20 
0.84** 0.71** 
* 0.72** 0.39 
0.81 0.68* 





Plant height 0 .51* 0. 44 
Ear height 0, .47* 0. 51 
No. ear/plant 0, .29 0. 40 
Ear length 0, .38 0. 23 
Ear diameter 0, .21 0. 50 
Kernel depth 0. 13 0. 41 
Shelling percent 0. 39 0. 47
300-kemel weight -0. 01 0. 33 
No. seed/plant 0. 31 0. 37 
Silking date 0. ,33 0. 10 
Shedding date 0. .29 0. 42 
(Silking date-shedding date)+lQ -0. 04 -0. 42 —0.66 —0.66 ** 
r-values for 18 degrees of freedom at probability level of: 
5% = 0.44; **significant differences, 
1% = 0.56; highly significant differences. 
b 
Six environments for the first nine characters and three environ­




It is obvious from the data in Table 25 that valuable information 
may not be obtained if the correlation coefficients are calculated only 
for the testcross means over all densities. For example, ear height and 
yield had an r-value of 0.20 based on testcross means over all densities, 
but at the individual densities all r-values were high enough to be sig­
nificant. Also, ear length and yield were not significantly correlated 
on the testcross mean basis, but at the high density the r-value was 
highly significant. In contrast, however, yield and pollen shedding date 
had a significant r-value on the testcross mean basis but not at any of 
the individual plant densities. 
The relationships among all characters of the testcrosses for the 20 
selections, except silking and shedding dates and their difference, were 
studied by calculating the phenotypic correlation coefficients at each 
plant density and for the mean over all densities. Correlation coeffi­
cients are presented in Table 26. Generally, as the plant density 
increased the magnitude and number of significant correlation coeffi­
cients increased, indicating more dependent relationships among the 
characters at the level of greater environmental stress to the individual 
plant. 
Cob length measurements of M14, C103, and the 20 selected inbreds 
were taken during the 15 days preceding silk emergence to study the rela­
tionship of this character to yield of testcrosses. Final cob length 
means at silk emergence for the two top ears and linear regression coeffi­
cients for log of cob length at 3-day intervals in the 15-day period 
preceding silk emergence, data summarized over two years, are presented 
in Table 27. Similar data for the individual years are given in Table 79 
Table 26. Phenotypic correlation coefficients among agronomie characters of 20 entries, data sum­
marized for each plant density and over all densities combined over six environments 
r-values^  for characters 
Characters 
Plant height 
Ear Ear/ Ear Ear Kernel Shelling 300-kernel No. seed 
























































































































































r^-values for 18 degrees of freedom at probability level of: 
5% = 0.44; s^ignificant differences, 
1% = 0.56; **highly significant differences. 
Table 26 (Continued) 
r-values^  for characters 
Ear Ear/ Ear Ear Kernel Shelling 300-kernel No. seed 
Characters Densities height plant length diameter depth percent weight per plant 





























Table 27. Cob lengths for the two top ears of the inbred lines at date 
of silking, ratio of second to top cobs, and linear regres­
sion coefficients of log cob length during 15 days preceding 
silk emergence, data summarized over two years 
Entry Top cob Second cob Ratio 
no. b]^  "b^  
HP group 
01 12.1 0.067 6.1 0.057 0.50 
02 13.3 0.064 9.6 0.061 0.72 
03 13.9 0.063 9.4 0.058 0.68 
04 14.2 0.073 9.9 0.070 0.70 
05 13.6 0.065 9.7 0.061 0.71 
06 11.2 0.062 5.1 0.042 0.46 
07 14.7 0.071 11.4 0.070 0.78 
08 13.5 0.059 7.9 0.056 0.59 
09 14.7 0.059 9.2 0.054 0.63 
10 14.0 0.066 10.6 0.064 0.76 
X 13.5 0.065 8.9 0.059 0.66 
11 14.4 0.066 8.6 0.051 0.60 
12 11.5 0.061 8.0 0.055 0.70 
13 12.7 0.052 8.5 0.050 0.67 
14 14.1 0.063 10.8 0.061 0.77 
15 13.4 0.051 7.1 0.042 0.53 
16 14.9 0.058 7.6 0.050 0.51 
17 15.1 0.059 10.2 0.056 0.68 
18 13.1 0.060 10.9 0.061 0.83 
19 17.5 0.069 11.0 0.061 0.63 
20 14.3 0.064 8.5 0.060 0-59 
X 14.1 0.060 9.1 0.055 0.65 
21 13.4 0.073 9.7 0.064 0.72 
22 13.5 0.058 2.8 0.031 0.21 
C^ob lengths at silking date in cm. 
L^inear regression coefficients. 
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of the Appendix. Groups means for two methods of classifying the lines, 
data summarized over two years, are given in Table 28 and for the 
individual years in Table 80 of the Appendix. 
Table 28. Cob lengths for the two top ears of groups of inbred lines at 
silking date, ratio of second to the top cob, and linear 
regression coefficients of log cob length during 15 days 
preceding silk emergence, data summarized over two years 
Group 
Top cob Second cob Ratio 
'^ 1 L2/L1 
Selection basis 
HP 13.5 0.065 8.9 0.059 0.66 
LP 14.1 0.060 9.1 0.055 0.65 
Method of breeding 
0 12.7 0.065 7.9 0.059 0.62 
1 13.3 0.064 8.5 0.056 0.64 
2 13.1 0.061 8.6 0.055 0.66 
Mean (TC) 13.0 0.063 8.3 0.057 0.64 
3 14.7 0.063 10.0 0.059 0.68 
4 14.6 0.061 9.3 0.058 0-64 
Mean (VS) 14.7 0.062 9.7 0.059 0.66 
Checks 
M14 13.4 0.073 9.7 0.064 0.72 
C103 13.5 0.058 2.8 0,031 0.21 
C^ob lengths at silking date in cm. 
L^inear regression coefficients. 
Analyses of variance for data combined over years, with orthogonal 
comparisons made on the two methods of grouping the lines, are shown in 
Tables 29 and 30 and for individual years in Tables 77 and 78 of the 
Appendix. Average cob length of the two top cobs at 3-day intervals 
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Table 29. Combined analyses of variance of log cob length with time for 
the two top ears during the two weeks preceding silking for 
20 inbred lines and two checks, data summarized over two years 


















Environments x dates 
Entries x dates 
Entries x dates linear 
(Selections vs checks) x dates^  
(Among selections) x dates^  
(HP vs LP) X dates^  
(Among HP) x dates^  
(Among LP) x dates% 
(Among checks) x dates% 
Entries x dates remainder 
Environments x entries x dates 105 
































































O^bserved values were multiplied by 10^ . 
Orthogonal comparisons based on reasons lines were selected for the 
study (Table 1). 
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Table 30- Combined analyses of variance of log cob length with time for 
the two top ears during the two weeks preceding silking for 
20 inbred lines and two checks, data summarized over two years 













Environments x dates 
Entries x dates 
Entries x dates linear 
(Selection vs check) x dates 
(Among selection) x dates „ 
(O vs (1&2&3&4)> X dates 0 
{(1&2) vs (3&4)} X 















(3 vs 4) X dates 
Among 0 x dates^  Z 
Among 1 X datesjj 
Among 2 x dates# 
Among 3 x dates £ 
Among 4 x dates, 
(Among check) x dates^  
Entries x dates remainder 
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O^bserved values were multiplied by 10^ . 
O^rthogonal comparisons based on breeding groups. 
during the 15-day period preceding silking of each of 20 lines and Ml4 
and C103 for 1966 and 1967 are presented in Tables 75 and 76 of the 
Appendix, respectively. 
Differences among entries were significant at the five percent level 
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for the top ear and at the one percent level for the second ear. How­
ever, since this comparison is actually for the average cob length over 
all sampling dates, it has little value. The linear component accounted 
for most of the variations among the six dates of sampling. The most 
important part of the combined analysis is the interaction of entries x 
dates-linear ïdiich is actually a test of the difference in growth rates 
among the lines. It tests the differences among lines for the linear 
regression values. In the interaction of selections vs checks x dates-
linear, the F value was not significant for the top cob, but was highly 
significant for the second cob. The poor development of the second cob 
in C103 probably caused this significant interaction. None of the selec­
tions had a second cob as short as C103, but several lines had second 
cobs shorter than M14 (Table 27). All orthogonal comparisons involving 
the selected lines with dates-linear. Table 29, gave significant, or 
highly significant, F tests for both top and second cobs. In all cases, 
effects were greater for the second cob than for the top cob. Although 
the rate of growth for both cobs was greater for the HP group than for 
the LP group, cob lengths at silk emergence were slightly more for the 
LP group. 
The analyses of variance based on the breeding groups of lines. 
Table 30, showed that most of the variation for selections x dates-
linear was due to differences among lines in groups 1 and 4. Differences 
among groups were relatively unimportant. None of the groups had growth 
rates as high as M14, but all had growth rates higher than C103 (Table 
28) .  
In addition to analyzing the measurements over all dates, the cob 
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length for the last date was analyzed, which was at silk emergence. 
These analyses for individual years are in Table 81 of the Appendix and 
are presented for the combined data in Table 31. These measurements 
were for six plants per plot in the first year and 12 plants per plot for 
the second year and five replications per test. The differences between 
the HP and LP groups were not significant for either cob; differences 
among lines within groups were significant or highly significant. The 
relative values were consistent for the two years in which measurements 
were made. 
Table 31. Part of the combined analyses of variance of the top and the 
second cob final length at silking date, data summarized over 
two environments 
Source of variations 
Degrees of 
freedom Top ear 
Mean squares 
Second ear 
Entries 21 353.8 
Selections vs checks 1 53.9 
Among selection^  19 388.2 
HP vs LP 1 336.4 
Among HP 9 251.6' 
Among LP 9 530.6 
Among checks 1 1.0 
Environments x entries 21 85.4 
Env X (selections vs checks) 1 40.8 
Env X (among selection) 19 89.7 
Env X (HP vs LP) 1 48.4 
Env X (among HP) 9 35.2 
Env X (among LP) 9 148.8 
Env X (among checks) 1 49.0 


























O^rthogonal comparisons based on reasons lines were selected for the 
study (Table 1). 
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When these data were analyzed on the basis of breeding groups, some 
significant group differences were obtained in the combined analyses as 
shown in Table 32 and in analysis for individual environments (Table 82 
of the Appendix). 
Table 32. Part of the combined analyses of variance of the top and the 
second cob final length at silking date, data summarized over 
two environments 




Top ear Second cob 
Entries 21 353.8 
Selections vs checks i 53.9 
Among selection® 19 388.2 
0 vs (1&2&3&4) 1 572.5 
(1&2) vs (3&4) 1 1849.0 
1 vs 2 1 12.8 
3 vs 4 1 15.2 
Among 0 1 144.0 
Among 1 4 304.2^  
Among 2 3 342.3. 
Among 3 4 560.6 
Among 4 3 98.8 
Among checks 1 1.0 
Environments x entries 21 85.4 
Env X (selections vs checks) 1 40.8 
Env X (among selection) 19 89.7 
Env X {0 vs (1&2&3&4)} 1 8.1 
Env X {(1&2) vs (3&4)} 1 7.1 
. Env X (1 vs 2) 1 405.4 
Env X (3 vs 4) 1 224.1 
Env X (among 0) 1 81.0 
Env X (among 1) 4 123.7 
Env X (among 2) 3 47.5 
Env X (among 3) 4 44.6 
Env X (among 4) 3 54.3 







































Error 168 109.0 60.4 
O^rthogonal comparisons based on breeding groups. 
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Groups 1 and 2, selected on the basis of testcross performance, had 
shorter cobs than groups 3 and 4, selected on the basis of visual appear­
ance (Table 28), and these differences were highly significant for both 
cobs (Table 32). Group 0 had the shortest cobs and group 3, selected at 
high stand densities, had the longest cobs. 
Additional data given in Tables 27 and 28 are the ratios for second 
cob length to first cob length at silk emergence. Generally, these 
values are an indication for second cob growth because differences among 
lines were greater for second cobs than for top cobs. Although the dif­
ference between the HP and LP groups was very small, there were much 
larger differences among lines within groups. Differences between 
breeding groups were relatively larger; however, in neither of the groups 
were there ratio differences as great as between C103 and M14. 
The phenotypic correlation coefficients between inbred ear charac­
ters and average yield performance of the inbreds in testcrosses are pre­
sented in Table 37. The relationship between cob growth rates and yield 
were highly significant. Actual cob length differences of the lines, 
however, showed no important relationship to testcross yields. 
Table 33 shows cob length data for some of the lines selected 
because of their differences in second ear development. Entries 1, 6, 
15, and 16 had the lowest L2/L1 ratio, short second cobs, and relatively 
low second cob development. In contrast, entries 7, 10, 14, and 18 had 
the highest '^ t^io, long second cobs, and relatively fast second cob 
development. Entries 17 and 19 were intermediate. The average testcross 
yields of the lines in Table 33 are presented in Table 34 for the three 
stand densities over six environments. The highest yielding testcross. 
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entry 10, had strong second cob growth and practically no barrenness; 
the lowest yielding testcross, entry 16, had less second cob growth and 
considerable barrenness in the high stand density. Also, C103 test-
cross had low average yield; inbred C103 had very poor second cob growth 
development and had 15 percent barren plants at the high density. 
Except for these three lines, the relationship between cob development 
of the inbred and barrenness and yield of the testcross was not con­
sistent. 
Table 33. Cob lengths of some selected inbred lines for the two top ears, 
ratio of the second to the top cobs, and regression coeffi­
cients of log cob length during 15 days preceding silk emer­
gence, data summarized over two environments 
Entry no. 
Top cob Second cob Rati o 
-^1* 
"2 L2/L1 
01 12.1 0.067 6.1 0.057 0.50 
06 11.2 0.062 5.1 0.042 0,46 
15 13.4 0.051 7.1 0.042 0.53 
16 14.9 0.058 7.6 0.050 0.51 
07 14.7 0.071 11.4 0.070 0.78 
10 14.0 0.066 10.6 0.064 0.76 
14 14.1 0.063 10.8 0.061 0.77 
18 13.1 0.060 10.9 0.061 0.83 
19 17.5 0.069 11.0 0.061 0.63 
17 15.1 0.059 10.2 0.056 0.68 
M14 13.4 0.073 9.7 0.064 0.72 
CIO 3 13.5 0.058 2.8 0.031 0.21 
C^ob lengths at silking date in cm. 
L^inear regression coefficients. 
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Table 34. Average yield for a selected group of entries showing special 
trend in their cob growth at the inbred level, data summarized 
for three pooulation levels over six environments 
Entry Breeding Yield in q/ha Regression coefficients 
no. group Low" Medium High Mean % 
01 0 65.8 77.2 79.9 74.3 7.05 -1.45 
06 1 67.5 74.1 79.7 73.8 6.10 -0.17 
15 1 62.7 69.5 71.8 68.0 4.55 -0.75 
16 4 61.8 66.7 57.2 61.9 -2.30 -2.40 
07 4 68.6 76.0 85.7 76.8 8.55 -0.38 
10 3 67.2 77.5 91.0 78.6 11.90 -0.53 
14 1 66.0 76.5 81.4 74.6 7.70 -0.93 
18 3 66.0 74.8 73.5 71.5 3.75 -1.68 
19 3 69.9 74.8 76.0 73.6 3.05 -0.62 
17 4 64.7 71.4 72.4 69.5 3.85 -0.95 
M14 check 65.1 72.8 73.9 70.6 4.45 -1.12 
CIO 3 check 57.1 66.9 68.9 64.3 5.90 -1.30 
(M14xC103) ch 64.5 68.1 71.7 68.1 3.60 0.00 
]^ant densities. 
Sharp contrasts between testcrosses of entries 10 and 16 are shown 
in Table 35. The testcross of entry 10 yielded much higher than the test-
cross of entry 16, mainly because of the much greater superiority of entry 
10 at the highest plant density. Differences between these testcrosses 
for the ear components were relatively small at the low density, but 
increased from the low to the high density, except for weight per 300 
kernels. In weight per 3QQ kernels, the difference was greater at the 
lowest stand density. Testcross of entry 10 had very little delay in 
silk emergence relative to pollen shedding at all plant densities, but 
testcross of entry 16 had a 3-day delay at the high density as compared 
to a 1.7-day delay at the low density. Probably this delay in silk 
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emergence for testcross 16 was the main cause of its high barrenness at 
the high density. 
Table 35. Average performance of the testcross of entries 10, 16, and 23, 
data of 13 agronomic characters summarized at three densities 




Characters no. Low Medium High Mean 
10 67.2 77.5 91.0 78.6 11.90 -0.53 
16 61.8 66.7 57.2 61.9 -2.30 -2.40 
23 64.5 68.1 71.7 68.1 3.60 0.00 
10 0.99 1.00 0.99 0.99 0.000 -0.003 
16 0.96 0.92 0.73 0.87 
-0.115 -0.025 
23 0.96 0.95 0.89 0.93 -0.035 -0.008 
10 196 181 164 180 
-15.8 -0.3 
16 203 186 127 172 -37.8 —6.8 
23 192 171 143 169 -24.5 -1.1 
10 51 49 46 49 -2.6 -0.5 
16 47 44 32 41 —7.6 -1.5 
23 49 46 40 45 -4.2 -0.5 
10 81.8 82.1 82.5 82.1 0.43 0.05 
16 81.7 81.8 79.6 81.0 -1.05 -0.38 
23 81.7 81.9 81.7 81.8 0.01 -0.05 
10 96.5 87.8 77.4 87.2 -9.53 -0.28 
16 85.8 81.7 74.8 80.8 -5.54 -0.47 
23 85.2 80.6 75.8 80.5 
-4.71 -0.05 
10 21 20 18 20 -1.2 -0.3 
16 18 17 12 16 -3.2 -0.6 
23 19 18 16 18 -1.5 -0.3 
10 674 650 588 638 -43.0 —6.4 
16 699 597 384 560 -157.3 -18.5 
23 727 623 473 608 -127.2 -7.6 
10 10.6 10.2 10.9 10.6 0.14 0.18 
16 11.7 12.1 13.0 12.2 0.67 0.09 
23 10.5 11.0 12.0 11.2 0.77 0.08 
Yield 
Ear/plant 
Ear length (mm) 
Ear diameter (mm) 
Shelling percent 
300-kemel weight (g) 
Kernel depth (mm) 
No. seed/plant 
(Silking date-
shedding date) +10 
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Figures 3, 4, 5, and 6 show the cob growth patterns for inbred 
entries 10, 16, M14, and C103, respectively. Previous studies by Russell 
and Teich (1967) showed that M14 resisted barrenness at high stand levels 
whereas C103 had a high degree of barrenness at high stand levels. This 
difference of M14 and C1Û3 appeared related to their second cob growth 
rates. The cob growth patterns for entry 10 and entry M14, Figures 3 
and 5, were similar in the present study, whereas entry 16 was inter­
mediate between M14 and C103 for the second cob. 
Phenotypic correlation coefficients involving cob lengths, regres­
sions, and ratios of cob lengths are presented in Table 36. The high 
correlation between final cob length and linear regression for the second 
cob suggests that measurements for cob length at silking would be just as 
valuable as all the data on cob growth rate. 
Data in Table 37 did not show a significant correlation between cob 
length ratios and testcross yields at any of the three densities or the 
mean over all densities. However, significant, or highly significant, 
correlation values of first and second cob growth rates with testcross 
yields were obtained at the low and high densities and for the mean over 
all densities. Nonsignificant correlation coefficients were obtained 
between all inbred characters and the linear regression coefficients of 
the testcross yields across plant stand densities. 
B. Part b) 
The purpose of this part of the study was to determine if selection 
in successive generations of inbred lines was effective in improving 
combining ability. Since the materials used included one group of 
lines developed on the basis of phenotypic appearance and a second group 
Figure 3. Cob growth patterns of the two top ears for entry-
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Figure 4. Cob growth patterns of the two top ears for entry 16, 
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Figure 5. Cob growth patterns of the two top ears for inbred M14, 
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Table 36. Phenotypic correlation coefficients among the cob growth char­
acteristics of 20 selected inbred lines 
Phenotvpic correlation coefficients^ 
1966 1967 Combined over years Inbred characters'^ 
and b^ 
L2 and b2 
b^ and 
b2 and 
Ll and L2 

















0 ,  
0 ,  
0.  
0 .  
0 .  











^r-values for IS degrees of freedom at probability level of: 
5% = 0.44; *significant differences, 
1% = 0.56; **highly significant differences. 
1^2 the top and second cob length at silking, respectively; 
b^ and 02 are the top and second cob regression coefficients of the log of 
the cob length over six dates in the two weeks preceding silking, respec­
tively. 
Table 37. Phenotypic correlation coefficients between ear characters of 
inbred selections and their testcross yields at three plant 
densities, data summarized for two environments (inbreds) and 
six environments (testcrosses) 
r-values with testcrosses yield 






















developed on the basis of testcross performance, there would be an oppor­
tunity to compare the progress in the two groups. 
Mean yields for the four generations at each of eight environments 
are presented in Table 38. in five of eight environments the average 
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Table 38. Average yield in quintals per hectare for each generation at 
each location 
Gen­ Martins­ Grundy 
era­ Kanawha burg Newell Center Ames Ankeny Newell Ames 
tion 1968 1968 1968 1968 1968 1968 1967 1967 Mean 
Ch® 73.3 57.6 69.4 69.2 77.6 73.0 72.6 81.2 71.7 
F? 74.1 54.9 69.3 68.5 74.8 70.5 74.2 82.5 71.1 
F3 75.1 58.0 70.1 70.8 74.6 70.6 76.2 82.8 72.3 
^4 
75.9 58.5 71.0 71.5 74.6 70.1 76.1 83.2 72.6 
Mean 74.6 57.3 70.0 70.0 75.4 71.1 74.8 82.5 71.9 
^Check is (M14xC103)(WF9xl205). 
yield of the testcrosses was lower than the testcross of the check, but 
some yield improvement in the and F^ generations was obtained in three 
of these five environments. In the other three environments an improve­
ment of combining ability as judged by the testcrosses yield was obtained. 
Martinsburg, 1968, was the lowest yielding environment and Ames, 1967, was 
the highest yielding environment. The other six environments, however, 
had relatively similar productivity levels. 
Mean yields for testcrosses of 20 families, four generations per 
family, and their linear and quadratic regression coefficients are pre­
sented in Table 39. These are the combined data for eight environments. 
The combined analyses of variance for yield, with appropriate orthogonal 
comparisons, are given in Table 41, and the yield data for the individ­
ual locations and the analyses of variance are given in Tables 83 and 84 
of the Appendix. Mean moisture data for the testcrosses, averaged over 
all eight environments, are presented in Tablé 40. 
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Table 39. Mean, yields for testcrosses of four generations in 20 selected 
families, data averaged for eight environments 
Entry 
no. Ch 







& 2 mean 
Group 3 
& 4 mean 
01 74.4 73.7 76.2 76.2 0.395 0.175 
02 71.9 73.2 74.4 76.8 0.795 0.275 
03 69.8 73.4 78.2 76.7 1.275 -1.275 
04 74.1 75.9 75.5 74.9 0.100 -0.600 
05 71.2 74.5 73.3 76.4 0.720 -0.050 
X 72.3 74.1 75.5 76,2 0.655 -0.275 
06 73.0 65.7 70.0 70.3 -0.190 0.190 
07 72.2 61.1 61.0 67.9 -0.650 4.500 
08 73.1 67.9 67.4 64.2 -1.360 0.500 
09 72.1 64.2 66.6 64.4 -1.035 1.425 
10 74.8 69.9 73.6 70.4 -0.475 0.425 
X 73.0 65.8 67.7 67.4 -0.745 1.725 
11 70.2 72.3 71.8 73.0 0.395 -0.225 
12 70.0 70.2 71.8 75.3 0.875 0.825 
13 73.1 72.9 76.5 75.6 0.555 -0.175 
14 70.7 72.9 74.7 75.2 0.765 -0.429 
15 71.3 76.2 75.9 77.7 0.945 -0.775 
X 71.1 72.9 74.1 75.4 0.705 -0.125 
16 70.6 72.3 73.3 72.9 0.395 -0.525 
17 67.5 71.3 72.1 69.3 0.310 -1.650 
18 70.2 69.5 72.6 74.6 0.815 0.675 
19 71.3 74.7 69.4 68.6 -0.670 -1.050 
20 72.4 70.2 70.9 71.8 -0.055 0.775 
X 70.4 71.6 71.7 71.4 0.155 -0.375 
72.7 70.0 71.6 71.8 -0.055 0.725 
70.8 72.3 72.9 73.4 0.420 -0.250 
^Generations. 
b Based on reasons lines were selected for the study (Table 2). 
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Table 40. Average grain moisture at harvest of four generations in 20 
selected families combined over eight environments 
Entry 
no. 
Yield in q/ha Regression coefficients 
Ch. 
V F3* F4* % 
Group 1^ Qi 24.0 25.1 23.4 23.1 -0.220 -0.350 
02 24.4 25.5 27.0 26.8 0.435 -0.325 
03 24.7 24.7 24.1 24.0 -0.135 -0.025 
04 24.3 25.3 25.4 26.5 0.325 0.025 
05 23.9 24.7 24.0 23.8 -0.050 -0.250 





& 2 mean. 
06 24.7 22.9 22.4 22.1 -0.415 0.375 
07 24.6 23.4 24.1 23.7 -0.100 0.200 
08 23.9 24.7 24.5 23.6 -0.055 -0.425 
09 25.0 27.1 27.2 27.2 0.335 -0.525 
10 24.1 22.2 23.3 22.4 -0.200 0.250 
X 24.5 24.1 24.3 23.8 -0.095 -0.025 
11 24.8 24.5 23.1 23.7 -0.235 0.225 
12 24.4 23.4 22.9 22.9 -0.250 0.250 
13 24.1 24.1 24.8 24.7 0.125 -0.025 
14 24.1 24.0 23.9 23.7 -0.065 -0.025 
15 25.3 27.8 27.8 28.9 0.540 -0.350 
X 24.6 24.8 24.5 24.8 0.015 0.025 
16 24.4 25.2 25.6 24.6 0.050 -0.450 
17 24.9 23.5 24.1 23.9 -0.120 0.300 
18 24.3 24.4 24.3 23.5 -0.125 -0.225 
19 24.6 25.2 24.1 25.3 0.050 0.150 
20 24.9 23.8 25.0 25.0 0.075 0.275 
X 24.6 24.4 24.6 24.5 -0.005 0.025 
24.4 24.6 24.6 24.3 -0.015 -0.125 
Group 3 
& 4 mean 24.6 24.6 24.6 24.7 0.015 0.025 
^Generations. 
B 
Based on reasons lines were selected for the study (Table 2). 
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Table 41. Analyses of variance of yield and moisture for testcrosses of 
four generations in 20 selected families evaluated in eight 
environments 








(1&2) vs (3&4) 
1 vs 2 


















































Environments x families 133 30.00 
Environments X {(1&2) vs (36c4)} 7 37.97** 
73.01 Environments X 0- vs 2) 7 
Environments X (3 vs 4) 7 38.70 
Environments X among 1 28 26.98 
Environments X among 2 28 32.34 
Environments X among 3 28 25.31 





















Families x generations 














































^Orthogonal comparisons based on reasons lines were selected for the 
study (Table 2). 
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Table 41 (Continued) 





























Environments x families x generations 399 
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Table 41 (Continued) 
Source of variations 
Degrees of Mean squares 





28 9.27* 0.48 
28 12.85 0.43 
10.11 0.54 
28 9.53 0.57 
28 11.93 0.55 
28 8.87 0.50 
8.93 0.49 
6.62 4.95 
Env X among 3 x 
















In the analyses of variance for yield (Table 39), the parts dealing 
with families, environments x families, generations and environments x 
generations are of minor interest in this study. Highly significant dif­
ferences among families were obtained, as was expected because of the 
materials selected. Selections in groups 1 and 3 were chosen because of 
high testcross yields and in groups 2 and 4 because of low testcross 
yields, as reported by Russell and Teich (1967). The testcrosses of the 
generations in the present study have given yields as expected, 
although entry 18 in group 4 is slightly higher relative to other entries 
of this group (compare in Tables 2 and 39). Differences among environ­
ments were highly significant, but the interaction of environments x 
families was significant at only the five percent level. On the average 
over all families, the increase in yield from the check to testcrosses 
was 0.90 q/ha, which was not significant. 
The part of major interest is the interaction of generations x 
129 
families and the orthogonal comparisons in this interaction. Groups 1 
and 3, and all testcrosses in these groups, had positive, linear regres­
sion coefficients, mainly because of the increased yields of the 
testcrosses as compared with the testcross of the check or source popu­
lation. Group 2, and all testcrosses in this group, had negative, linear 
regression coefficients because of a lower yield of the testcrosses as 
compared with the check. Group 4 had a low, positive, linear regression 
coefficient; three testcrosses in this group had positive, linear regres­
sion values and two had negative, linear regression coefficients. 
Graphs in Figure 7 show the generation yields of the four groups of 
testcrosses. Progress from selection differed between groups 1 and 2, 
the visually selected lines, and groups 3 and 4, the testcross selected 
lines (p < 0.01), mainly because of the great difference for group 2. The 
mean testcross yield of the Fg generation in group 2 was much lower than 
the check, but some progress was made in the F^ and this was maintained 
in the F^. Groups 3 and 4 differed significantly over generations (p < 
0.01 for the linear portion of variation) because group 4 showed no 
progress from selection in the Fg and F^ generations. Groups 1 and 3 
showed similar progress from selection in all generations and differed 
by only 1.1 q/ha in mean yield for the four generations. Among the selec­
tions in groups 1 and 3 there was no significant interaction with genera­
tions, whereas in groups 2 and 4, among selections x generations were 
highly significant. 
The second order interaction, environments x generations x families, 
was highly significant, mainly because of the orthogonal comparisons 
involving groups 1 vs 2, and among selections in groups 2 and 3. The 
Figure 7. Mean testcross yields for four groups of selected 
families, five families per group and four generations 
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interaction, generation x among testcrosses in group 3, was not signifi­
cant, but the second order interaction, environments x generations x among 
testcrosses in group 3, was highly significant. The yield performances of 
testcrosses of the four generations for the selections in group 3, Table 
39, were relatively consistent in the average over eight environments, 
but there were significant differences among the environments. 
It is obvious from the graphs in Figure 7 that the final selections 
in groups 2 and 4 had low testcross performance in this study, as well as 
in the Russell and Teich (1967) study, because they were below groups 1 
and 3 in the initial selected generation, the F2. Groups 1 and 3 had 
continuous progress in selection in the three segregating generations. 
By contrast, group 4 showed relatively little progress from selection in 
any generation; group 2 had good progress from F2 to Fg but no further 
progress from F^ to F^. Evidently in groups 1 and 3 the F^ and F^ 
progenies were segregating at loci affecting combining ability and selec­
tion for the more favorable alleles was effective. In group 4, except 
entry 18, either there was less segregation at loci affecting yield than 
in groups 1 and 3 or else the method of selection was not effective in 
selecting the more favorable alleles. Selections in group 2 had fewer 
favorable elleles initially; some segregation permitted progress in F^ 
but progress could not be made in the F^ because of few heterozygous loci 
or inability of the selection method to identify the better alleles; 
Mean moisture data for the testcrosses, averaged over all eight 
environments, are presented in Table 40. The combined analyses of 
variance, with appropriate orthogonal comparisons, are given in Table 41. 
I  i l  
Moisture data for the individual locations and the analyses of variance 
are given in Tables 85 and 86, respectively, of the Appendix. 
The error mean squares were low (Table 41), thus relatively small 
moisture differences were significant. Differences in family means were 
highly significant; also, differences between groups 1 and 2 and among 
selections in all groups were highly significant. Differences among 
generations, averaged over all families, were not significant. 
In the first order interaction, generations x families, most orthogo­
nal comparisons had significant, or highly significant, F tests. In a 
comparison of the yield and moisture data in Tables 39 and AO, however, 
there does not appear a close relationship between the two characters. 
Group 1 showed the greatest increase of moisture in the generations after 
the check, but two selections had positive, linear regression coefficients 
and three had negative values; all selections in this group had positive, 
linear regression coefficients for yield over generations. Also, all 
selections in group 3 had positive, linear regression coefficients for 
yield, but only two of these selections had positive, linear regression 
coefficients for moisture. Entry 18 in group 4 had a high, positive, 
linear regression coefficient for yield but a negative, linear regres­
sion coefficient for moisture. The methods of selection, visual vs test-
cross, had no significant difference in change of maturity in successive 
generations. Evidently, where progress in selection for yield was 
obtained, it did not occur because of later maturity. 
The selections in groups 1 and 2 can be subdivided on the basis of 
whether they were developed in high or low stand densities in the breeding 
nurseries. There are four selections in the high-density group and six 
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selections in the low-density group. Also, the selections in groups 3 
and 4 can be subdivided on the basis of whether the testcrosses in the 
successive generations of development were evaluated at high or low stand 
densities. There are four selections in the high-density group and six 
selections in the low-density group. Mean yields of the four generations 
for these groups and the combined analyses of variance over eight environ­
ments are presented in Tables 42 and 43, respectively. Graphs of the 
yields of the four groups in each generation are shown in Figure 8. 
Table 42. Mean yields for four groups of testcrosses, based on breeding 
method to develop the inbred lines, data averaged for eight 
environments 
Groups^ 
Yield in q/ha Regression coefficients 
Ch F 2b FGB F^B % 
1 (VS.HS) 72.5 73.4 75.2 74.6 0.405 -0.375 
2 (VS.LS) 72.8 67.6 69.3 70.0 -0.343 1.463 
Mean (VS) 72.7 70.5 72.3 72.3 0.031 0.544 
3 (TC.HS) 71.4 73.5 72.7 73.3 0.246 -0.370 
4 (TC.LS) 70.3 71.4 73.0 73.5 0.559 -0.179 
Mean (TC) 70.9 72.5 72.9 73.4 0.403 -0.275 
^Entries representing each group are as follows: 
group 1, entries 03, 04, 05, and 10 
group 2, Gentries 01, 02, 06, 07, 08, and 09 
group 3, entries 14, 15, 19, and 20 
group 4, entries 11, 12, 13, 16, 17, and 18. 
^Generations. 
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Table 43. Analyses of variance of yield and moisture for testcrosses of 
four generations of 20 selected families evaluated in eight 
environments 








(1&2) vs (3&4) 
1 vs 2 





Environments x families 133 
Environments x {(1&2) vs (3&4)} 
Environments x (1 vs 2) 
Environments x (3 vs 4) 
Environments x among 1 
Environments x among 2 
Environments x among 3 
Environments x among 4 









Families x generations 57 





























































































































^Orthogonal comparisons based on breeding groups. 
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Table 43 (Continued) 





























Environments x families x generations 399 



















































































































































Table 43 (Continued) 
Degrees of Mean squares 
Source of variations freedom Yield Moisture 






Quadratic 21 12.40 0.72 
Cubic 21 9.85** 0.70 






Quadratic 35 10.98 0.42 
Cubic 35 12.17 0.30 
Error (b) 960 8.93 0.49 
Total 1919 
C.V. (%) 6.62 4.95 
Only group 2, whose selections were developed on the basis of inbred 
appearance at a low stand density, had a negative, linear regression value 
for generations (Table 42 and Figure 8). The interaction, generations-
linear X (1 vs 2), was highly significant (Table 43). The negative, 
linear regression for group 2 occurred because of the high value of the 
check. Actually, the gain from selection in the generations after the 
F2 was as great in group 2 as in any other group. Group 3 showed an 
excellent improvement in the first generation of selection but had no 
further gain in subsequent generations. 
Differences among lines for gain from selection in three generations 
were highly significant in groups 1, 2, and 3. The lines in group 4, 
selected on the basis of testcross performance in low stand density, did 
not differ significantly in progress from selection in the three genera­
tions. In the other three groups, some lines had positive, linear 
regression coefficients and some had negative, linear regression 
Figure 8. Mean testcross yields for 20 selected families in four 
breeding groups, four generations per family, data 
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coefficients (Table 89 of the Appendix). In group 2, all lines showed a 
positive gain from to but only two of the six lines had a positive 
gain relative to the check. 
The explanation for the group differences presented graphically in 
Figure 8, particularly for group 2, may be simply a reflection of the 
materials selected for the study. Group 2 contains a disproportionate 
number of lines selected originally because of a low testcross perfor­
mance. If in each group one looks at only the high performance testcross, 
there is a distinct change. 
Table 44. Mean yields for testcrosses of four generations in families 
with high performance testcross, in each of four groups 
averaged over eight environments 
Groups 
Yield in q/ha Regression coefficient 
Ch 
^2* F3" F4* 
1 70.7 74.6 75.7 76.0 0.698 
2 73.7 73.4 75.7 76.5 0.595 
3 71.0 74.6 75.3 76.4 0.855 
4 70.9 71.2 73.2 74.6 0.660 
^Generations. 
The differences among the groups are small and probably not signifi­
cant. Progress, has been made, in all groups in all generations of selection 
except the first generation, F2> for group 2 (Table 44). These lines 
represent the elite among the greater number of lines evaluated by Russell 
and Teich 0-967). These lines were elite because they were at least 
equal to or better than the check at the F2 and effective selection in 
subsequent generations improved their combining ability for yield. Such 
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comparison must be made with caution, however, because there are so few 
selections in any one group. 
For grain moisture, generations x families was highly significant 
(Table 43). Generations x (3 vs 4) had a highly significant difference 
for the linear trend, positive in group 3 and negative in group 4 (Table 
90 of the Appendix). Tables 87 and 88 of the Appendix present the 
individual locations analyses of variance for yield and moisture, 
respectively, for the breeding classification. Differences among lines 
for the linear regression coefficient were highly significant among 
lines in all groups. As pointed out previously, however, there appears 
to be little relationship between change of maturity and change in yield. 
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V. DISCUSSION 
A. Part a) 
Many studies have been done that show differential effects of plant 
stand densities on hybrid maize yield performance. Relatively less infor­
mation has been published, however, to show the effects of varying plant 
densities to yield components, except for barrenness or number of ears 
produced per plant. The objective of the first part of this research was 
to determine for 20 selected inbred lines the relationship of important 
plant and ear characters to grain yield and to determine the effects to 
this relationship when plant stand densities are varied. Also included 
was a study of the relationship of the first and second cob growth of the 
inbreds to the testcross yields. Since the variation among the inbred 
testcrosses for relative yield performance at the three stand densities 
was appreciable, linear regression values ranged from -2.30 to 11.90 for 
the two extremes, one should expect the effect of densities to the rela­
tionship of plant and ear characters with yield to be revealed rather well. 
Actually, with the removal of the lowest yielding environment, Ankeny in 
1968, the maximum difference between environments averaged for all test-
crosses and densities was 13.4 q/ha and between densities averaged over 
all testcrosses and environments was 13.0 q/ha. 
The 20 inbred lines used in this research were selected on the basis 
of their testcross performance in the study of Russell and Teich (1967). 
They were in two groups, a high performance and a low performance group, 
on the basis of their average yields and relative performances with increas­
ing stand densities. It was interesting to note the similarities of 
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relative performance of the two groups between the two studies. Also, 
entries 10 and 16 were highest and lowest, respectively, in both studies. 
The main difference was that only entry 16 in this study had a negative, 
linear regression value for response to stand densities, whereas in the 
Russell and Teich (1967) study all entries in the LP group and two entries 
in the HP group had negative regression values. Probably the greater 
positive responses to increased stand densities in this study occurred 
because of the higher yield levels that were obtained. 
Phenotypic and genotypic correlations were obtained between testcross 
yields and all plant and ear characters. Genotypic correlations may be 
caused by two mechanisms, pleiotropy and linkage. Pleiotropy is the 
property of the gene, or groups of genes, to affect two or more characters. 
If there is segregation at the loci where these genes are located, the 
result is simultaneous variation in the characters affected. The correla­
tion observed is the net effect of all segregating genes that affect both 
characters under study. Some genes may increase the magnitude of both 
characters, thus giving positive correlation, whereas other genes may 
increase one character and decrease the second to give a negative correla­
tion. If both types of action are occurring for two characters, the net 
result may be no detectable correlation. Linkage may be an important cause 
of correlation, particularly noticeable in populations derived from crosses 
between strains with very divergent characters. Random mating in the popu­
lation will lead to genetic equilibrium and decreased correlation. 
Genotypic and phenotypic correlations calculated from the covariance 
analyses show the relationship between yield and the plant and ear charac­
ters, averaged over all plant stand densities and environments. The 
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greatest correlation was for number of ears per plant and yield of the 
testcrosses. Number of ears per plant was mainly a measure of barrenness 
because relatively few plants had second ears, even at the lowest stand 
density. Probably delayed silk emergence relative to pollen shedding 
enhanced barrenness. Woolley, Baracco, and Russell (1962) reported that 
the hybrids with the longest interval between pollen shedding and silk 
emergence had the lowest yields at the high density, and those hybrids 
with the shortest interval had the highest yields. In the present study 
the delay in silk emergence relative to pollen shedding at the high 
density ranged from 0.9 to 3.0 days among testcrosses. The testcross with 
the least silking delay at the highest density, entry 10, had the highest 
average yield (91.0 q/ha), whereas the testcross with the greatest silking 
delay at the highest density, entry 16, had the lowest average yield 
(57.2 q/ha). Also, entry 10 had the highest number of ears per plant at 
the highest density (0.99 ears per plant) and entry 16 had the lowest 
number of ears per plant at the highest density (0.73 ears per plant). 
Plant densities had significant, or highly significant, effects on 
most characters studied, and in several instances the densities x entries 
interactions, or some orthogonal comparison within this interaction, were 
significant. Usually, plant and ear heights of testcrosses increased as 
plant densities were increased, and ear characters and yield per plant 
decreased in magnitude. Consequently, the relationships among the charac­
ters studied would be expected to vary for the three stand densities. 
The importance of plant density on the relationship among plant and 
ear characters and of these characters to yield was clearly demonstrated 
in this study» A comparison of the phenotypic correlation coefficients 
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calculated at the three stand densities showed that r-values for only the 
data averaged over all densities may not give the best information. 
In general, as the plant density increased the magnitude of the correla­
tions and number of significant correlations increased, indicating more 
dependent relationships among plant and ear characters and of yield with 
these characters at the level of greater environmental stress to the 
individual plant. These results suggest the question of whether or not 
the correlation of inbred plant and ear characters with the yield per­
formance of the inbred in hybrid combinations would likewise increase as 
the level of the environmental stress to the individual plant is increased. 
Weight per 300 seeds was the only ear or seed character that did not 
have a significant correlation with yield at any stand density. The only 
correlations of importance for seed size were the highly significant, 
negative values with number of seeds per plant at all stand densities. 
All other ear and seed characters had significant, or highly significant, 
correlations with yield at one or more stand densities. The phenotypic 
correlation between testcross yield and number of ears per plant was 
highly significant at the highest plant density but not at the two lower 
densities. This result should have been expected because barrenness was 
negligible at the low and medium stand densities. Ear length, kernel 
depth, and number of seeds per plant also had highly significant corre­
lations with yield at the highest stand density but r-values at the other 
two densities were not significant. Ear diameter and shelling percent 
had highly significant correlations with yield at the highest stand 
density, significant correlations with yield at the intermediate density, 
but nonsignificant correlations at the lowest density. 
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Generally, correlations among the yield components and of yield 
components with yield that would be most useful to the maize breeders 
for prediction purposes were obtained at the highest stand density. 
Since the most important yield component appeared to be ears per plant, 
the results emphasize that, if the greatest relationship of yield com­
ponents with yield is to be realized, the individual plant must be at a 
level of stress where some barrenness will occur. Unfortunately, the 
optimum density that will give the best stress condition will vary among 
environments and the breeder will not know at planting time what stand 
density will be required. Consequently, the breeder could expect to 
obtain more information per location if two or three densities are used. 
The testcross that maintains a high level of ears per plant, or resists 
barrenness, as plant stand densities are increased will have increased 
yields because the decrease in yield per plant is more than offset by the 
number of ears per unit area. This conclusion is in general agreement 
with the results of Dungan, Lang and Pendleton (1958), Stringfield (1962), 
Zieserl, Rivenbark, and Hageman (1963), and Rossman and Cook (1966). 
Data on dates of pollen shed and silk emergence were taken on only 
the Ames tests; consequently, relationships of these characters with all 
other characters across plant densities were not evaluated. The interval 
between the two events was increased at the highest density because of 
delayed silk, emergence and not because of any effect to time of pollen 
shedding. The extent of delay in silk emergence varied among testcrosses, 
but the variation was not great enough to give a significant density x 
entry interaction. Previous studies relating to silking and shedding dates 
indicate inconsistent results. Wofford, Homer and McCloud (1956) reported 
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that plant density increases did not affect silking date, whereas Woolley, 
Baracco, and Russell (1962) and Rossman and Cook (1966) obtained delays of 
one to five days because of plant density increases. Kahnke and Miles 
(1951) reported a silking delay of one day for each 3,500 to 4,000 plants 
per acre increase. Shubeck and Caldwell (1955) reported that an increase 
in plant density from 3,556 to 17,780 plants per acre caused five days 
delay in silk emergence. Woolley, Baracco, and Russell (1962) noted an 
increase in the anthesis-silking interval of 1.2 days with increases from 
16,000 to 24,000 plants per acre in a favorable season and 4.4 days in an 
unfavorable season. 
There were no significant correlations between yield and either date 
pollen shed or date silk emergence at any of the three stand densities. 
Probably this failure to obtain significant correlations occurred because 
of a relatively narrow range among the testcrosses for dates of pollen 
shed and silk emergence. The correlation between yield and the silking-
pollen shed interval was highly significant and negative at the highest 
stand density, but not significant at the two lower densities. Presumably, 
as the interval between pollen shedding and silk emergence was increased, 
barrenness was increased, or number of ears per plant decreased. Probably 
the relationship between silk emergence delay and the amount of barrenness 
is much greater than could be observed in a study of several hybrids 
because in a pure stand of one testcross the period of available pollen 
would be much, shorter than in an area where several hybrids are grown. 
The importance of selecting for materials that have simultaneous dates of 
pollen shedding and silk emergence under stress conditions is obvious. 
Plant and ear heights of the testcrosses were significantly 
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correlated as should be expected since both characters are determined bv 
the number and length of the intemodes. The correlation was affected 
relatively little by plant stand density, although it was slightly higher 
at the lowest density. Since approximately 50 to 65 percent of the 
variation in ear heights of the testcrosses was accounted for by the 
variation in plant heights, it is obvious that selection for plant height 
will have considerable effect on ear height. Both characters were posi­
tively and significantly correlated with testcross yields indicating that 
the taller genotypes were higher yielding. Stand densities, however, had 
only a small effect on these correlations, the values being highest at 
the highest density. The relationship of either plant or ear heights with 
any of the other characters studied in all environments was of no impor­
tance. 
Russell and Teich (1967) hypothesized that materials selected for 
high performance in high plant densities would have superior yield perfor­
mance in both low and high, densities, but materials selected in low plant 
densities would not necessarily have superior yield performance in high 
densities. The results from the present study support their hypothesis, 
but caution must be used in interpreting the data because of the rela­
tively few lines evaluated and because they are highly selected samples. 
The development of maize inbred lines is still a major part of a 
practical maize breeding program. For many years when the product used 
by the farmers was the double cross hybrid probably the most emphasis in 
the inbred development was its performance in hybrid combinations. Now, 
however, with the much greater use of single cross hybrids, emphasis is 
much increased on the development of inbred lines that produce a high 
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quantity of good quality seed. To the extent that there is a positive 
correlation between yield of the inbred per se and yield of the inbred in 
hybrid combinations, emphasis on high yielding inbreds will increase 
yield potential of hybrids. Russell and Teich (1967) showed that selec­
tion of inbred lines in high stand densities gave significantly higher 
yielding strains than when selected in low stand densities. Furthermore, 
the lines selected in the high stand density gave higher hybrid yields. 
The relationships among plant and ear characters of testcrosses at dif­
ferent stand densities in the present study suggest that correlations of 
inbred characters with hybrid yields, if data are collected in a high 
yield environment with considerable stress at the individual plant level, 
may be better than observed in some earlier studies, Jenkins (1929) and 
Hayes and Johnson (1939). 
The study of Russell and Teich (1967) showed a positive relationship 
for rate of growth of the second cob of the inbred with its hybrid yield 
performance. Inbreds that had strong second cob development had less 
barrenness at high stand densities. If this resistance to barrenness in 
the inbred is highly heritable in the hybrid progeny, selection for second 
cob growth may be worthwhile. Growth of the second ebb may be simply an 
expression of a vigor character that is positively correlated with hybrid 
yield performance. 
Cob growth data obtained for the inbred lines in this study showed 
that the inbreds developed by visual selection had significantly greater 
second cob length than the lines selected at a low density density, 
although the difference was not significant. These data are in agreement 
with the results obtained by Russell and Teich (1967). If good second 
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cob length is a desirable feature in an inbred line, these results indi­
cate that it can be achieved by developing the inbred at a stand density 
\ 
that gives considerable stress to the individual plant. Correlations of 
growth rates for both cobs with testcross yields were found to be highly 
significant, but cob lengths were not correlated with hybrid yields. 
However, the phenotypic correlations between final cob length and rate 
of cob growth were highly significant, suggesting that selecting for final 
cob length at silk emergence may be just as valuable as selection based on 
growth rate. Cob length at silk emergence is much easier to obtain and 
would permit measurements of more plants, thus giving greater precision 
to the data. 
It may be concluded from this research that the difference in per­
formance of the HP and LP groups was determined by all yield components 
studied in the testcrosses except weight per 300 kernels. Number of ears 
per plant was of greatest importance, although ear diameter was nearly as 
important. Yield differences between the two groups were only 1.1 q/ha at 
the lowest stand density, 2.2 q/ha at the intermediate density, and 7.8 
q/ha at the highest density. In the HP group all entries had their highest 
yields at the highest stand density. Relationships of the yield components 
to yield were greatest at the highest density. Thus, if the potential 
development for yield components is different among hybrids, the differ­
ential expression will be best in a high yield environment where there is 
considerable stress to the individual plant. In this study," cob length of 
the inbred did not show a significant relationship with hybrid yield per­
formance. However, the range in values for cob length was not great in 
this selected sample, and certainly was much less than the difference 
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between M14 and C103 for second cob length. These cob length data were 
obtained in a low stand density in which there would be a low stress on 
the individual plant. If the data were taken in a higher stand density, 
probably greater differences would occur among inbreds for amount of 
second cob growth. 
B. Part b) 
The materials selected for this part of the thesis were chosen 
because the final generation tested by Russell and Teich (1967) had either 
a high or low testcross yield performance. Consequently, evaluating test-
crosses of the selected progenies in three successive generations, Y2 to 
F^ , should show if a testcross was high or low yielding because of the 
genotype of the plant chosen in the first segregating generation, Fg, or 
because of genetic segregation and selection in the F3 and F^  generations. 
Furthermore, since these materials were developed on the basis of visual 
discrimination or testcross performance, the study should suggest which 
selection method effected greatest genetic change. 
The success of a maize breeding program is determined by the hybrid 
performance of the material under selection. When combining ability in 
hybrid combinations is the objective, breeders usually proceed by testing 
for general combining ability in the earlier generations and then follow 
by evaluating for specific combining ability. General combining ability 
tests may start as early as the first segregating generation, but specific 
combining ability tests usually are delayed at least to the fourth or 
fifth generations of selfing. Because testcross evaluation is costly, it 
usually limits the size of the population that may be tested. Consequently 
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breeders frequently use visual selection among and within progeny rows in 
the early inbreeding generations and test later when many of the selec­
tions have been eliminated. 
The effectiveness of visual selection for combining ability during 
the inbreeding generations has been a subject of disagreement among 
breeders. Jenkins (1929) and Sprague and Miller (1952) denied any 
influence of visual selection during inbreeding on the general combining 
ability of the selections. On the other hand, Hayes and Johnson (1939), 
Osier, Wellhausen and Palacios (1958), and Russell and Teich (1967) 
supported the efficacy of visual selection on combining ability. The 
number of generations that selection in progeny rows may be profitable 
cannot be specified, but progress will diminish quickly because of a rapid 
approach to homozygosity in individual progenies. Russell and Teich 
(1967) concluded that visual evaluation of inbred line performance in 
dense plant stands was at least as effective as selection by extensive 
testcrosses, and far more efficient. They suggested that further evalua­
tion of breeding methods may find that the effort expended for measure­
ment of general combining ability by topcross tests may be partly or 
completely replaced by inbred line performance, and at a much lower cost. 
Selections 1 to 10 (Table 39) were selected by visual discrimination 
of the inbred progenies and 11 to 20 by testcross performance. In the 
present study families in groups 1 and 3 were selected because of high 
testcross performance and groups 2 and 4 because of low testcross per­
formance of the final generations evaluated.by Russell and Teich (1967). 
Group means of the testcrosses in 1 and 3 exceeded 2 and 4 and all 
selections in 1 and 3 exceeded all selections in 2 and 4, except for 
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selection 18. Also, group means of the Fg testcrosses in 1 and 3 were 
greater than in 2 and 4, although the differences were slightly smaller 
than for the F^ . Only in group 4 mean was there no gain in yield due to 
selection in the Fg and F^  generations. The high yielding selections 
were high, because of a high yielding F2 generation and/or because selec­
tion pressures were able to detect the higher yielding genotypes in the 
F3 and F^  generations. In groups 2 and 4 (except for selection 18), 
testcrosses of the F^  generations were low because of a low yielding Fg 
and because there were no loci segregating for genes affecting yield, or 
the methods of selection did not detect genetic differences. The genotype 
of the F2 plant selection determines the ceiling for the yield potential 
of segregates in succeeding generations, but whether or not an increase in 
yield is realized by further selection depends upon the ability of the 
selection method to detect combining ability differences among the segre­
gates. Two selections in group 2 had strong positive gains from the F^  to 
F^ , but were still low yielding as F^  testcrosses because of low yield 
level of the F2. 
Differences of the high performance groups 1 and 3 with the low per­
formance groups 2 and 4 with respect to improvement of combining ability 
could be a result of the relative importance of the different types of gene 
action. Lonnquist and Castro (1967) indicated that there appeared to be 
more additive than nonadditive genetic variance for yield within lines 
selected as high yielding in testcross performance (similar to group 1 in 
this study). On the other hand, low performance lines exhibited, 
generally, more nonadditive genetic variance. If the families in groups 
2 and 4 in this study have relatively more nonadditive than additive 
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genetic variance, then failure to improve combining ability in successive 
generations of selection may be due to the decrease of the nonadditive 
variance. 
The 20 families can be divided into four groups on the basis 
breeding methods used in their development (Table 17). The performance 
of these groups are summarized in Table 42 and are presented graphically 
in Figure 8. In the visually selected lines., group 1 selected in high 
stand densities had a positive regression value, and group 2 selected in 
low stand densities had a negative regression value. These regression 
values suggest that the effectiveness of visual selection to detect 
favorable genotypes in successive segregating generations was determined 
by the stand density. It is obvious from Figure 8, however, that group 
2 was low yielding because of the low performance of the Fg genotypes. 
Actually, on the basis of group means, there was more gain from F2 to F^  
in group 2 than in group 1. In these two groups the first initial selec­
tion at the two stand levels was among and within Fg progenies and in this 
generation selection at the high stand density was very effective in elim­
inating genotypes with a high incidence of barrenness. Selection was 
probably more gradual at the low stand density, thus resulting in a 
positive gain in the two following generations. Because of a rapid 
approach to homozygosity under selfing, gains due to within progeny selec­
tion would be expected to decrease rapidly after the Fg generation. 
Groups 3 and 4 were selected on the basis of testcross performance 
at high and low stand densities, respectively. Both groups had positive, 
linear regression coefficients although the value for group 4 was 
slightly higher than for group 3. Again, the group selected at the high 
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density had the initial advantage because of superior genotypes, but 
no further gain was made in the and F^ . Groups 2 and 4 had almost 
identical gains in the second and third generations of selection. 
Conclusions relative to the efficacy of different selection tech­
niques should not be made on the basis of the results from this study. 
The 20 families are a selected set and were studied mainly to determine 
the basis for some having high yields and some having low yields in 
testcrosses of the final generations. Consequently, any trends observed 
relative to selection procedure may be properties of the families 
selected and may not have any relationship to selection techniques. 
Also, it must be remembered that all these lines survived all selection 
pressures in the original sampling of offspring from M14xC103. The 
information now at hand was not even estimable before the study by Russell 
and Teich (1967). Only by studying all lines evaluated by Russell and 
Teich would it be possible to have data upon which one could formulate 
conclusions relative to breeding procedures. 
Generally, the level of grain moisture at harvest is a good maturity 
index when comparing among hybrids. It is significant to find that there 
was no obvious relationship between changes of yield in successive genera­
tions of selection and maturity. Usually, there is a positive correlation 
between yield and maturity but, within the maturity limits of the material 
used here, changes of yield in the successive generations could not be 
explained by changes of maturity. Consequently, within narrow limits at 
least, positive gain can.be made for yield without sacrificing earlier 
maturity. 
Generally, it may be concluded from this part of the present study 
156 
that the testcross performance level of a line at the or will be 
determined in two ways: performance level of the genotype selected in 
the first segregating generation and the extent to which segregation in 
succeeding generations will permit selection of still better genotypes. 
The performance level of the first selection does not determine whether 
or not further gain will be made by selection within the progenies in 
succeeding generations. It should be advantageous to use whatever 
selection pressures are available to select the most superior genotypes 
in the first or second segregating generation. 
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VI. SUMMARY AND CONCLUSIONS 
Field experiments were conducted during 1966-68 as follows: 
1) For a selected group of inbred lines developed from Ml4 x C103, 
to evaluate in testcrosses of the lines the relationships of 
important plant and ear characters to grain yield and to determine 
the effects of varying plant stand densities on these relation­
ships. 
2) For the inbred lines in 1), to determine the rate of cob growth 
at the two top ear nodes during the period of rapid ear shoot 
development before silk emergence and to relate this cob develop­
ment to the hybrid performance of the lines. 
3) For a selected group of the M14xC103 inbred lines, to determine 
if the high or low testcross yield performance of the final 
generation evaluated by Russell and Teich (1967) was caused by 
the yield level of the F2 genotype or by genetic segregation and 
selection in the Fg and generations. 
Experiments to study part 1) were grown in six environments, three 
plant stand densities in each environment. Characters evaluated were 
dates of pollen shjed and silk emergence, silking-pollen shed interval, 
plant and ear heights, ear length, ear diameter, kernel depth, shelling 
percentage, 30.0-kernel weight, number of seeds per plant, and grain 
yield. The inbred lines used were in two groups of ten each, a high 
performance group and a low performance group on the basis of their 
average testcross yields and relative performances with increasing plant 
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stand densities in the study of Russell and Teich (1967)• The tester was 
WF9xI205, which was the same as used in the earlier study. 
Relative yields of the testcrosses, averaged over all environments, 
were very similar to the earlier study. Genotypic and phenotypic correla­
tion coefficients were calculated from the covariance analysis to show the 
relationship between yield and the plant and ear characters, averaged 
over all plant stand densities and environments. Significant, or highly 
significant, positive correlations were obtained between yield of the 
testcrosses and number of ears per plant, ear length, ear diameter, kernel 
depth, shelling percentage, and number of seeds per plant. Number of ears 
per plant, which was mainly a measure of barrenness because relatively 
few plants had second ears, had the highest correlation with yield. 
Maturity, on the basis of dates of pollen shedding and silk emergence, 
had no significant correlation with yield; the silk emergence-pollen 
shedding interval, however, had a significant, negative relationship 
with yield. Generally, the genotypic correlations were of greater mag­
nitude than were the phenotypic correlations. 
The phenotypic correlation coefficients calculated at each plant 
stand density demonstrated the importance of density on the relationships 
among plant and ear characters and of these characters with yield. At 
the low stand density, only plant and ear heights were significantly 
correlated with yield. At the intermediate density, ear diameter and 
shelling percentage, in addition to plant and ear heights, were signifi­
cantly correlated with yield. At the high density, however, all charac­
ters except 300-kemel weight, silking date, and pollen shedding date 
were correlated significantly, or highly significantly, with yield. 
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Generally, as the plant stand density was increased the magnitude of the 
correlations increased, indicating more dependent relationships among 
plant and ear characters and of yield with these characters at the level 
of greater environmental stress to the individual plant. 
Experiments to study part 2) were grown for two years at one loca­
tion. These experiments included the same 20 inbreds indicated for part 
1) and also M14 and C103. The plant stand density was approximately 
29,000 plants per hectare. Cob length measurements for the two top ears 
were taken at 3-»day intervals during the 15 days preceding silk emergence. 
The correlation coefficients of growth rates for the two top ears 
with testcross yields were highly significant, but actual cob lengths at 
silk emergence were not correlated with hybrid yields. However, the 
phenotypic correlations between cob length at silk emergence and rate of 
cob growth were highly significant, suggesting that selecting for cob 
length at silk emergence may be just as valuable as selection based on 
growth rate, and could be done at a much lower cost. 
The experiments for part 3) were grown at one plant stand density 
in eight environments. Twenty families were selected for this study 
because the final generation evaluated by Russell and Teich (1967) had 
either a high or low testcross yield performance. The results suggested 
that the testcross performance level of an inbred line at the or 
generation has been determined in two ways: 
a) Genotype of the plant selected in the first segregating genera­
tion. 
b) Genetic segregation within the offspring in succeeding genera­
tions and the extent to which selection has been able to pick 
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the best genotypes. The performance level of the first selec­
tion does not determine whether or not further gain will be made 
by selection within the progenies in the succeeding generations. 
It should be advantageous to use whatever selection pressures 
are available to select the most superior genotypes in the first 
or second segregating generation. 
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Table 45. Average agronomie data for 13 plant and ear characters In testcrosses of 20 selected 
Inbred lines and three checks evaluated in three plant densities at Ames, 1966 
Low® Med High Low Med High Low Med High Low Med High Low Med High 
HP group Yield in q/ha No. ear/plant Plant height Ear height (cm) Ear length (mm) 
01 72.8 85.2 93.0 0.96 1.00 0.94 199 205 207 85 85 87 194 181 162 
02 72.5 81.6 97.8 1.00 0.98 0.94 202 197 200 80 82 86 200 186 165 
03 78.4 84.8 96.0 1.00 0.94 1.00 192 191 196 79 79 85 221 190 171 
04 78.1 82.8 99.6 0.98 0.98 0.96 206 201 194 90 86 90 202 191 164 
05 73.2 77.9 85.2 1.00 1.00 0.96 192 193 198 82 79 81 216 196 171 
06 75.3 83.7 86.4 0.94 0.94 0.86 199 201 202 97 90 93 207 191 165 
07 72.8 84.4 91.8 0.98 0.98 0.92 200 198 199 84 84 88 216 202 170 
08 77.2 88.5 89.4 1.00 1.00 0.92 193 196 199 88 90 94 219 209 172 
09 71.3 77.5 77.5 1.00 0.98 0.94 179 176 185 75 75 75 208 195 159 
10 80.6 95.0 117.4 1.00 1.00 0.98 213 213 210 93 91 92 217 201 189 
X 75.2 84.1 93.4 0.99 0.98 0.94 198 197 199 85 84 87 210 194 169 
LP group 
11 74.7 86.5 100.7 0.96 0.94 0.96 212 195 164 83 81 86 205 197 180 
12 73.8 86.9 72.1 0.98 1.00 0.92 196 191 198 85 83 85 194 185 138 
13 75,6 77.5 86.4 1.00 0.98 0.92 195 193 199 83 81 86 217 190 161 
14 73.5 94.6 112.7 0.96 0.94 0.94 206 203 205 90 88 87 218 218 198 
15 75.6 78.3 87.0 0.98 0.96 0.92 198 196 204 87 89 94 181 173 156 
16 69.1 74.6 53.1 0.92 0.96 0.60 191 187 196 75 75 81 210 196 114 
17 73.5 79.1 93.0 1.00 0.98 0.92 191 193 197 79 85 87 224 202 176 
18 78.4 87.7 92.4 1.00 0.96 0.90 204 203 204 91 91 97 219 198 165 
19 73.8 79.5 85.8 1.00 0.90 0.84 198 200 198 84 87 86 224 202 162 
20 75.3 81.6 91.8 0.96 0.98 0.90 210 211 218 92 96 98 216 193 162 
X 74.3 82.6 87.5 0.98 0.96 0.88 200 197 198 85 86 89 211 195 161 
Checks 
21 79.0 79.1 88.2 1.00 0.96 0.94 195 191 192 82 85 86 214 175 162 
22 70.1 73.0 88.8 0.96 0.88 0.78 213 207 217 91 90 97 200 180 149 
23 74.1 68.1 80.5 0.98 0.92 0.88 203 205 201 90 91 89 210 176 151 
^Plant densities. 
Table 45 (Continued) 
Low^  Med High Low Med High Low Med High Low Med High Low Med High 
group Ear diameter (mm) Shelling percent Kernel depth (mm) 300-kernel wt(B) No. seed/plant 
01 49 48 42 84.1 83.6 85.0 21 21 18 94.7 94.7 85.4 747 698 542 
02 52 48 46 82.5 84.4 85.5 22 20 20 91.9 88.4 83.5 772 676 589 
03 51 47 46 83.4 84.3 84.7 21 18 20 88.4 83.8 77.6 859 745 621 
04 51 48 44 83.8 84.8 84.8 22 18 18 82.8 75.7 72.2 911 811 690 
05 49 47 42 84.2 84.3 83.7 20 19 17 83.2 70.6 74.2 855 806 582 
06 49 46 40 84.8 85.2 85.2 21 19 17 88.6 84.0 79.2 824 730 551 
07 49 48 43 84.5 84.6 85.0 21 21 17 84.8 80.2 73.6 830 777 628 
08 50 48 43 81.9 83.8 83.2 20 19 18 84.7 76.0 71.2 882 855 633 
09 50 46 41 83.6 84.2 83.8 21 19 17 88.8 78.3 78.9 777 725 494 
10 54 51 45 83.8 84.2 85.6 23 23 18 99.8 94.4 85.3 784 748 691 
X 50 48 43 83.7 84.3 84,6 20 20 18 88.8 82.6 78.1 824 757 602 
LP group 
11 48 45 44 84.0 83.1 83.2 18 17 17 83.3 76.6 68.4 867 825 739 
12 50 50 41 83.8 84.2 81.9 22 22 17 90.6 90.2 87.4 795 707 412 
13 50 47 42 80.9 80.2 81.0 20 19 18 88.1 81.4 78.7 828 696 554 
14 47 47 44 82.7 84.4 84.0 18 20 18 95.3 89.5 84.7 745 777 657 
15 51 48 47 83.4 83.6 84.7 21 20 21 83.4 78.4 74.4 879 731 607 
16 45 44 25 83.1 83.2 82.2 18 17 11 92.8 86.8 76.9 752 633 352 
17 47 45 40 81.9 83.7 84.0 19 18 18 92.9 80.5 77.7 763 723 499 
18 49 46 40 82.9 83.5 82.9 20 19 16 90.5 86.1 78.3 840 745 621 
19 47 43 37 82.6 82.0 82.9 18 18 16 97.7 91.4 88.4 729 637 520 
20 48 47 41 82.7 82.7 83.0 22 19 17 95.4 91.5 85.4 766 654 538 
X 48 46 40 82.8 83.1 83.0 20 19 17 91.0 85.2 80.0 796 713 550 
Checks 
21 50 47 43 84.5 84.5 84.7 21 20 17 86.8 81.5 71.8 883 709 613 
22 47 41 37 81.8 82.4 82.1 17 18 15 92.4 84.7 83.1 711 635 533 
23 49 44 39 82.8 81.6 82.9 20 17 15 86.8 84.0 78.6 826 597 514 
Table 45 (Continued) 
Low^  Med High Low Med High Low Med High 
HP group Silking date*) Shedding date^  (Silking date-shedding date) +10 
Oi 24.2 24.6 24.4 23.2 22.6 21.6 11.0 12.0 12.8 
02 24.6 24.4 23.8 24.0 23.4 22.2 10.6 11.0 11.8 
03 24.4 25.2 25.2 23.6 24.4 22.8 10.8 10.8 12.4 
04 25.6 26.2 26.4 25.2 24.8 24.8 10.4 11.4 11.6 
05 23.6 24.4 24.6 21.4 21.8 21.4 12.2 12.6 13.2 
06 25.0 24.6 26.6 24.2 23.0 24.2 10.8 11.6 12.4 
07 25.4 25.0 25.4 23.2 22.6 22.2 12.2 12.4 13.2 
08 25.2 25.2 26.2 23.8 23.2 23.8 11.4 12.0 12.4 
09 22.2 22.6 23.0 21.8 21.4 21.2 10.4 11.2 11.8 
10 24.0 25.6 25.0 24.2 25.0 24.0 9.8 10.6 11.0 
X 24.4 24.8 25.1 23.5 23.2 22.8 11.0 11.6 12.3 
LP group 
11 25.2 25.8 25.8 24.4 24.0 23.4 10.8 11.8 12.4 
12 24.2 24.0 24.6 22.2 21.4 23.0 12.0 12.6 11.6 
13 24.0 23.2 26.0 21.8 23.2 21.8 12.2 12.0 14.2 
14 26.2 25.2 26.8 25.8 24.0 25.0 10.4 11.2 11.8 
15 26.4 26.6 27.2 25.0 24.4 24.6 11.4 12.2 12.6 
16 24.8 25.2 27.0 21.4 22.0 24.2 13.4 13.2 12.6 
17 25.6 25.6 25.4 24.6 24.2 23.0 11.0 11.4 12.4 
18 24.2 26.2 26.8 23.4 24.6 24.2 10.8 11.6 12.6 
19 23.8 25.0 26.2 21.2 22.0 22.6 12.6 13.0 13.6 
20 25.6 26.4 27.4 24.4 24.4 25.4 11.2 12.0 12.0 
X 25.0 25.3 26.3 23.4 23.4 23.7 11.6 12.1 12.6 
Checks 
21 24.2 24.8 24.8 23.4 23.6 23.4 10.4 11.2 11.4 
22 26.4 27.6 27.8 25.6 25.0 24.8 10.8 12.6 13.0 
23 24.6 24.8 26.4 23.6 24.4 23.8 11.0 10.4 12.6 
^Coded. 
Table 46. Average agronomie data for 10 plant and ear characters in testcrosses of 20 selected 
inbred lines and three checks evaluated in three plant densities at Kanawha, 1967 
Low^  Med High Low Med High Low Med High Low Med High Low Med High 
HP group Yield in q/ha No. ear/plant Plant height (cm) Ear height (cm) Ear length (mm] 
01 65.7 75.9 85.8 0.98 0.96 0.98 208 199 202 90 88 95 185 176 155 
02 61.4 71.0 88.2 1.00 1.00 0.96 205 197 211 92 85 93 183 176 154 
03 63.2 75.0 82.3 0.98 0.96 0.90 212 201 197 95 87 87 188 176 149 
04 61.7 71.4 83.5 0.94 1.00 0.94 208 202 201 91 91 91 186 176 152 
05 63.9 71.4 83.5 1.00 1.00 0.98 205 204 211 95 93 97 196 181 164 
06 60.1 73.4 68.0 0.96 0.98 0.88 212 211 208 100 89 97 179 173 133 
07 64.5 71.0 87.0 0.98 0.96 1.02 210 202 204 96 90 99 202 185 169 
08 60.4 76.3 75.1 1.00 1.00 0.96 202 206 199 93 95 88 205 197 166 
09 64.5 77.9 84.1 0.98 1.00 0.94 206 197 195 93 86 87 200 188 158 
10 58.9 75.0 96.0 0.94 1.00 1.00 212 222 209 95 104 96 185 181 171 
X 62.4 73.8 83.4 0.97 0.99 0.96 208 204 204 94 91 93 191 181 157 
Li? group 
11 56.1 69.0 68.6 0.90 0.94 0.88 206 213 195 95 95 86 178 179 147 
12 62.9 75.0 72.7 0.98 0.98 0.88 203 199 201 90 89 91 182 173 129 
13 60.8 73.4 68.6 0.96 0.98 0.80 198 211 208 89 93 92 194 179 133 
14 59.8 69.0 61.4 1.00 0.96 0.78 212 214 190 94 97 90 203 189 135 
15 55.8 71.4 60.2 0.94 0.98 0.82 200 213 195 89 96 91 170 167 119 
16 48.4 64.0 42.3 0.88 0.94 0.54 203 200 198 89 87 86 176 186 94 
17 58.3 71.8 68.6 0.94 1.00 0.86 206 200 198 93 88 91 203 202 157 
18 63.9 71.0 72.7 0.96 0.94 0.90 208 209 203 95 94 93 196 172 157 
19 66.0 76.7 73.3 0.98 0.96 0.86 199 205 210 90 94 95 214 202 163 
20 60.8 72.6 76.3 0.94 0.96 0.96 205 212 204 91 92 90 189 179 157 
X 59.3 71.4 66.5 0.95 0.96 0.83 204 208 200 92 93 91 191 183 139 
Checks 
21 63.9 75.0 73.9 0.98 0.98 0.88 192 203 191 86 91 86 186 175 130 
22 43.4 63.2 56.0 0.78 0.96 0.78 215 204 202 96 92 92 147 184 139 
23 65.4 71.4 70.9 1.02 0.96 0.86 211 208 205 94 94 98 200 175 139 
apiant densities. 
Table 46 (Continued) 
Low® Med High Low Med High Low Med High Low Med High Low Med High 
HP group Ear diameter (mm) Shelling percent Kernel depth (mm) 300-kernel wt (g) No. seed/plant 
01 50 48 46 81.4 80.8 80.7 19 19 17 90.5 84.1 77.7 704 663 552 
02 50 49 47 80.3 80.1 81.6 19 19 18 92.0 86.7 84.4 648 603 525 
03 50 49 43 80.9 81.8 79.4 18 18 16 79.7 76.6 71.2 764 720 571 
04 47 48 43 81.5 81.2 81.6 18 17 15 79.9 76.0 66.3 742 689 628 
05 50 48 46 81,4 81.0 81.7 18 17 17 78.9 74.3 65.9 783 709 637 
06 48 47 39 80.7 80.5 78.7 20 19 14 81.5 80.4 71.5 713 673 470 
07 49 46 45 81.3 81.7 80.9 19 17 18 79.6 73.1 66.5 782 716 648 
08 48 48 43 78.9 78.8 77.5 17 18 15 79.6 76.4 60.5 734 736 622 
09 47 48 44 81.8 81.8 81.7 20 18 17 80.5 79.3 74.4 774 727 571 
10 47 49 46 80.2 78.5 80.7 18 20 19 87.9 88.4 79.1 650 626 610 
X 49 48 44 80.8 80.6 80.5 19 18 17 83.0 79.5 71.8 729 686 583 
LP group 
11 44 44 40 80.4 80.1 78.2 17 17 15 78.5 70.5 64.1 700 727 534 
12 51 49 42 79.5 81.0 79.8 20 21 17 86.3 80.4 82.6 667 683 436 
13 48 47 38 76.6 77.1 75.2 17 16 14 80.4 78.9 71.1 733 685 475 
14 48 46 34 79.4 80.6 78.3 17 16 12 86.1 78.0 67.1 666 657 449 
15 48 49 37 78.8 79.6 76.9 19 19 14 73.3 73.6 62.3 740 714 483 
16 42 45 24 78.5 78.1 75.4 15 15 08 80.8 80.3 73.5 573 588 282 
17 45 47 37 78.3 78.7 78.8 15 17 13 85.7 78.0 70.5 629 679 492 
18 48 44 41 81.0 81.4 78.5 19 17 16 83.5 78.5 68.7 672 665 519 
19 48 45 39 79.2. 78.7 79.1 18 16 13 88.8 85.4 70.1 719 613 522 
20 46 47 37 79.2 79.4 77.9 17 17 14 83.1 79.3 70.6 677 661 470 
X 47 46 37 79.1 79.4 77.9 17 17 14 83.1 79.3 70.6 677 661 470 
Checks 
21 49 49 39 81.6 83.0 81.5 19 19 14 82.6 78.2 76.4 711 707 485 
22 39 45 23 76.6 77.3 77.2 15 16 11 85.8 80.4 73.5 467 579 383 
23 50 47 41 80.3 80.4 79.9 18 18 16 85.0 80.7 73.2 707 652 480 
Table 47. Average agronomic data for 13 plant and i ear characters in 1 testcrosses of 20 selected 
inbred lines and three checks evaluated in three plant densities at Ames, 1967 
Low* Med High Low Med HiRh Low Med High Low Med High Low Med. High 
Yield in q/ha No. ear/plant Plant height (cm) Ear height (cm) Ear length (mm! 
nr group 
01 69.1 82.8 70.3 1.00 0.98 0.90 210 213 210 90 94 94 167 174 138 
02 64.8 85.2 81.7 0.98 1.00 0.96 213 212 214 93 88 93 191 185 155 
03 68.5 79.9 72.1 0.98 0.96 0.86 210 214 209 92 91 96 185 181 139 
04 68.8 81.2 64.4 1.00 0.92 0.78 208 211 210 83 88 92 195 176 120 
05 65.1 74.2 66.8 0.98 0.98 0.86 206 213 212 87 91 90 186 177 138 
06 63.9 68.1 79.9 0.96 0.88 0.86 216 215 218 98 100 102 183 158 142 
07 71.3 71.8 89.4 1.00 0.94 0.96 214 211 218 98 93 100 196 174 155 
08 65.1 74.6 70.9 1.00 0.96 0.88 205 202 205 93 95 98 198 189 149 
09 64.8 67.3 74.5 0.98 0.94 0.94 203 202 197 . 86 86 91 193 177 153 
10 69.1 79.9 82.3 1.00 0.98 0.98 218 220 223 98 97 102 200 183 157 
X 67.1 76.5 75.2 0.99 0.95 0.90 210 211 212 92 92 96 189 177 145 
LP ^ roup 
62.0 76.3 63.8 0.94 0.98 0.76 205 211 212 90 92 94 193 188 128 
12 64.2 75.5 60.8 0.96 0.98 0.84 207 207 207 91 95 94 176 175 118 
13 65.1 57.9 62.0 1.00 0.82 0.70 208 209 208 89 87 92 190 143 123 
14 66.0 76.3 75.7 0.98 0.94 0.86 216 213 212 99 97 98 201 188 144 
15 64.5 70.2 71.5 0.96 0.92 0.90 202 209 210 95 93 98 180 158 129 
16 61.4 66.5 44.1 0.94 0.80 0.62 207 212 205 87 91 88 201 161 100 
17 70.7 74.2 68.0 0.98 0.96 0.84 205 206 205 91 95 92 212 190 147 
18 59.5 78.3 66.2 0.96 0.94 0.82 210 217 209 100 102 100 190 177 138 
19 73.8 79.9 76.3 0.96 0.98 0.86 216 209 212 95 94 93 214 199 150 
20 63.9 74.6 62.2 0.96 0.96 0.78 216 216 221 96 96 102 187 180 125 
X 65.1 73.0 65.1 0.96 0.93 0.80 209 211 210 93 94 95 194 176 130 
Checks 
21 63.9 75.9 61.4 0.98 0.96 0.86 202 201 201 84 88 92 184 178 124 
22 62.3 74.6 68.6 0.96 0.94 0.80 226 231 222 99 105 101 187 181 148 
23 60.1 65.3 62.2 0.84 0.90 0.82 212 214 211 94 94 90 176 158 133 
Bpiant densities. 
Table 47 (Continued) 
Low^  Med High Low Med High Low Med High Low Med High Low Med High 
HP group Ear diameter (mm) Shelling percent Kernel depth (mm) 300-kernel wt (g) No. seed/plant 
01 51 49 42 81.9 82.7 81.0 21 20 17 92.2 90.2 68.4 724 678 513 
02 51 50 45 81.2 83.2 81.2 21 21 19 88.3 83.4 75.5 706 747 549 
03 49 48 40 81.8 80.9 81.5 20 19 16 79.8 79.8 65.1 830 735 557 
04 50 50 36 82.7 82.8 81.2 20 20 14 80.0 78.5 64.7 841 759 502 
05 50 47 29 81.9 82.6 81.0 20 19 15 78.8 70.6 63.9 800 773 536 
06 47 43 39 82.2 82.7 81.6 20 18 16 83.3 77.6 70,6 650 646 564 
07 50 46 45 83.1 82.3 83.3 21 20 18 77.2 77.3 68.4 897 686 661 
08 50 46 39 80.8 79.9 80.3 19 17 14 80.3 75.5 63.7 785 731 563 
09 49 45 42 81.9 81.8 82.0 21 19 17 84.8 76.8 63.9 743 654 587 
10 50 49 44 81.3 81.6 82.4 21 21 18 93.9 83.6 74.2 730 703 563 
X 50 47 41 81.9 82.1 81.6 20 19 16 83.9 79.3 68.4 771 711 561 
LP group 
11 47 46 33 81.7 81.8 80.5 20 18 12 78.6 72.9 73.3 741 776 441 
12 49 48 38 82.3 82.1 81.5 21 19 15 85.0 86.4 74.8 730 650 412 
13 49 40 36 79.1 79.6 79.2 20 15 15 82.0 76.4 69.4 770 564 455 
14 49 46 40 80.9 81.4 82.1 20 19 15 85.6 81.2 70.8 749 690 538 
15 49 47 44 82.0 81.2 80.7 21 20 18 72.5 74.9 63.7 863 704 564 
16 46 41 26 80.6 82.0 76.5 18 18 10 82.8 82.9 72.7 713 582 304 
17 46 45 37 81.5 80.8 79.5 18 17 14 82.9 81.6 66.7 823 666 507 
18 47 46 38 81.3 81.9 82.0 19 20 16 84.8 80.7 69.0 707 715 463 
19 49 47 39 81.4 81.1 81.3 19 19 16 91.0 79.0 67.1 760 750 576 
20 47 45 35 82.3 81.5 81.4 19 18 15 85.5 85.0 78.8 718 646 398 
X 48 45 37 81.3 81.3 80.5 19 18 15 83.1 80.1 70.6 757 674 466 
Checks 
21 50 47 39 82.2 82.5 82.1 21 19 15 77.4 78.4 67.5 798 708 460 
22 47 45 37 79.9 79.7 80.0 19 17 14 89.5 85.4 77.5 672 642 429 
23 46 44 38 80.1 81.7 81.0 17 18 15 81.3 75.7 71.9 710 634 433 
Table 4 7 (Continued) 
Low& Med High Low Med High Low Med HiKh 
HP group 
Silklnc date^  Sheddine date^  (Silkine date-sheddine date") +10 
01 30.2 30.8 33.2 30.2 30.4 31.6 10.0 10.4 11.6 
02 29.6 28.6 30.8 30.8 29.6 29.6 8.8 9.0 11.2 
03 31.6 32.2 33.8 31.6 31.8 32.4 10.4 10.4 11.4 
04 31.0 31.6 32.8 31.0 30.6 31.4 10.0 11.0 11.4 
05 30.2 29.8 32.4 30.8 30.0 30.4 9.4 9.8 12.0 
06 31.6 31.8 33.4 31.6 30.6 32.0 10.0 11.2 11.4 
07 31.0 31.8 31.8 31.0 30.6 31.2 10.0 11.2 10.6 
08 31.4 31.4 32.8 31.4 31.0 31.8 10.0 10.4 11.0 
09 29.6 29.6 31.4 29.0 29.4 30.4 10.6 10.2 11.0 
10 31.0 30.4 32.4 30.6 31.2 31.6 10.4 9.2 10.8 
X 30.7 30.8 32.5 30.8 30.6 31.2 9.9 10.3 11.3 
LP group 
11 31.6 31.6 33.8 31.4 31.2 31.6 10.2 10.4 12.2 
12 31.4 31.0 33.2 31.0 30.4 31.4 10.4 10.6 11.8 
13 31.0 31.4 34.0 31.0 31.0 32.0 10.0 10.4 12.0 
14 31.4 31.4 33.4 31.6 31.2 31.6 9.8 10.2 11.8 
15 31.4 32.0 33.0 31.4 31.0 31.8 10.0 11.0 11.2 
16 31.2 31.6 34.8 30.2 30.4 31.8 11.0 11.2 13.0 
17 31.0 31.6 34.2 30.6 31.0 31.6 10.4 10.6 12.6 
18 31.2 31.6 34.0 31.6 31.0 31.8 9.6 10.6 12.2 
19 30.8 31.4 32.2 30.0 31.0 30.8 10.8 10.4 11.4 
20 29.8 30.0 32.6 29.4 29.6 30.6 10.4 10.4 12.0 
X 31.1 31.4 33.5 30.8 30.8 31.5 10.3 10.6 12.0 
Checks 
21 30.0 30.2 31.2 30.2 30.4 30.8 9.8 9.8 10.4 
22 32.0 32.8 34.6 31.8 31.0 31.6 10.2 11.8 13.0 
23 31.0 31.8 33.2 31.2 31.0 31.2 9.8 10.8 12.0 
VO 
Coded. 
Table 48. Average agronomie data for 10 plant and ear characters in testcrosses of 20 selected 
inbred lines and three checks evaluated in three plant densities at Kanawha, 1968 
Low& Med High Low Med High Low Med High Low Med High Low Med High 
Yield in q/ha No. ear/plant Plant height (cm) Ear height (cm) Ear length 1 (mm' 
HP group 
01 64.2 78.3 86.4 1.00 1.00 0.96 225 231 228 96 100 98 182 176 148 
02 59.5 73.0 80.5 1.00 1.00 1.00 221 229 229 90 93 98 172 161 143 
03 65.7 77.5 84.6 1.00 1.00 1.00 222 230 233 95 99 98 191 179 151 
04 73.2 87.3 87,6 1.04 1.00 1.00 220 229 230 95 95 99 203 189 164 
05 64.8 73.0 79.9 1.00 1.00 1.00 220 224 230 . 93 94 100 187 178 150 
06 66.3 69.0 85.8 1.00 0.98 0.92 231 237 235 110 111 109 188 167 149 
07 72.2 79.9 89.4 1.00 1.00 0.98 231 238 239 102 110 114 207 187 168 
08 68.8 78.3 93.0 1.00 1.02 1.00 223 226 225 103 106 107 202 191 176 
09 65.4 73.4 84.6 1.00 1.00 1.00 209 216 218 84 93 96 200 180 162 
10 62.6 74.6 88.8 1.00 1.00 1.00 223 240 236 103 109 107 181 170 153 
X 66.6 76.4 86.1 1.00 1.00 0.99 223 230 230 97 101 103 191 178 156 
LP group 
11 66.3 72.6 76.3 0.98 0.98 0.92 228 226 229 93 97 98 193 174 145 
12 67.9 65.7 77.5 1.00 0.96 0.96 225 218 230 96 102 103 183 150 135 
13 62.9 72.2 84.6 1.00 1.00 1.00 221 226 227 95 96 99 189 169 153 
14 65.7 79.9 91.2 0.98 0.98 0.98 232 238 241 108 111 119 199 195 171 
15 60.8 66.1 74.5 1.00 0.94 0.90 226 229 233 101 109 109 170 152 130 
16 70.4 72.6 87.6 1.00 0.94 0.98 217 225 228 90 94 95 204 200 173 
17 64.2 72.2 75.7 0.98 0.98 0.92 223 226 225 99 101 105 203 186 151 
18 64.2 76.7 76.9 0.98 1.00 0.92 226 236 228 109 111 112 191 187 146 
19 68.2 72.6 82.9 0.98 1.00 0.96 221 227 226 96 102 100 210 192 172 
20 63.9 69.0 75.1 0.96 1.00 0.92 230 233 236 103 102 110 186 174 142 
X 65.5 72.0 80.2 0.99 0.98 0.95 225 228 230 99 102 105 193 178 152 
Checks 
21 67.6 75.9 87.6 1.02 1.00 1.00 212 220 219 87 92 94 198 178 157 
22 45.6 57.9 51.3 0.90 0.94 0.86 238 243 241 104 105 107 153 154 127 
23 58.9 73.8 81.1 0.94 0.98 0.90 224 228 229 98 96 103 177 173 148 
^Plant densities. 
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21 19 92.0 90.0 82.1 
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21 18 83.6 79.3 72.4 
19 18 83.0 75.2 70.8 
19 17 86.4 84.3 77.4 
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20 20 84.0 79.4 74.1 
21 19 101.5 92.0 82.1 





















737 681 571 
11 49 47 42 81.8 81.3 82.2 20 19 17 84.4 78.5 68.3 763 678 564 
12 53 48 46 82.8 83.0 82.9 23 20 20 88.6 83.2 83.7 744 589 466 
13 51 50 47 80.5 80.7 80.2 19 19 17 85.9 87.6 75.2 710 657 568 
14 49 49 46 81.7 82.8 82.5 19 19 18 92.0 85.1 78.8 692 694 582 
15 52 48 45 80.8 80.6 81.2 22 20 20 77.8 79.1 73.3 756 616 512 
16 52 46 45 81.5 82.4 81.7 21 19 17 93.8 86.3 79.5 727 618 555 
17 48 46 40 81.0 81.5 82.4 18 18 14 89.5 85.4 79.6 692 624 483 
18 49 49 42 81.7 81.5 82.9 20 20 16 88.6 82.4 72.2 704 683 538 
19 48 47 42 81.2 80.7 81.7 17 18 16 91.7 86.2 77.2 724 621 540 
20 48 48 43 81.2 81.4 81.5 19 20 18 95.2 91.3 87.7 651 563 430 
Checks 
50 48 44 81.4 81.6 81.9 20 19 17 88.8 84.5 77.6 716 634 524 
21 52 50 48 81.9 83.2 83.8 20 20 20 83.2 75.9 70.5 791 736 627 
22 43 44 35 80.5 79.6 76.8 17 18 13 91.6 86.1 79.1 481 493 327 
23 48 49 42 81.5 82.8 82.0 19 20 16 87.9 82.2 80.4 652 660 508 
Table 49. Average agronomie data for 13 plant and ear characters in testcrosses of 20 selected 
inbred lines and three checks evaluated in three plant densities at Ames, 1968 
Low^  Med High Low Med High Low Med High Low Med High Low Med High 
_ Yield in q/ha No, ear/plant Plant height (cm) Ear height (cm) Ear length (mm) 
HP group 
01 66.3 78.3 81.1 1.00 0.98 0.96 217 208 213 88 90 93 189 183 150 
02 67.0 75.0 79.9 1.10 1.00 1.00 208 215 218 84 88 89 202 179 151 
03 69.1 75.5 90.6 1.00 0.98 1.00 210 208 212 89 93 96 200 179 167 
04 68.2 78.7 84.1 1.00 1.00 1.00 208 214 213 85 90 91 198 187 166 
05 68.5 68.5 73.3 1.04 0.98 0.98 209 210 211 84 84 88 203 178 150 
06 73.2 82.2 92.4 l.OC 1.00 0.98 214 217 219 97 94 102 198 187 165 
07 68.6 83.2 91.2 1.00 1.00 1.00 207 217 217 89 93 94 200 198 166 
08 69.7 76.3 75.1 1.00 1.00 0.98 199 206 211 95 97 103 210 199 170 
09 63.5 74.2 76.9 1.00 1.00 1.00 194 203 198 81 85 89 195 182 160 
10 69.1 77.9 93.0 1.02 1.00 1.00 221 221 225 99 94 104 201 176 162 
X 68.3 77.0 83.8 1.02 0.99 0.99 209 212 214 89 91 95 200 185 161 
LP group 
11 70.7 78.7 85.2 1.00 0.98 0.98 207 208 213 85 87 91 204 186 160 
12 69.7 82.8 88.8 0.96 1.00 1.00 204 209 210 90 89 96 180 170 147 
13 67.6 76.3 83.5 1.00 0.98 0.98 198 209 208 85 87 91 196 175 153 
14 67.9 79.5 79.3 0.96 1.00 0.92 214 222 213 99 103 99 218 208 165 
15 65.4 73.8 84.1 0.92 1.00 1.00 204 210 214 92 92 97 172 168 150 
16 67.3 73.4 79.1 1.00 0.96 0.96 205 211 204 88 86 83 221 202 176 
17 66.6 76.7 78.7 1.00 1.00 1.00 208 210 208 85 93 97 209 201 173 
18 71.6 78.3 76.9 1.00 1,00 1.00 209 209 217 96 98 102 209 194 162 
19 75.3 79.5 80.5 1.00 1.00 0.96 211 213 215 93 96 94 221 214 181 
20 64.5 76.3 85.8 0.96 0.92 0.96 204 215 222 90 90 101 190 185 154 
X PVip Q 68.6 77.5 82.0 0.98 0.98 0.97 206 212 212 90 92 95 202 190 162 Ollw^iVO 
21 63.9 75.9 80.5 0.94 1.00 1.00 197 203 201 82 83 90 184 173 161 
22 61.4 72.6 91.2 0.96 1.00 1.00 218 222 228 94 92 104 194 186 172 
23 69.7 72.6 85.2 0.98 1.00 1.00 213 215 216 89 91 97 196 179 161 
^Plant densities. 
Table 49 (Continued) 
Low* Med High Low Med High Low Med High Low Med High Low Med High 












































81.7 82.9 82.7 20 
81.4 81.8 82.6 21 
83.0 82.5 83.8 21 
82.6 83.2 83.4 20 












































99.9 90.9 82.7 644 614 491 
96.2 88.9 78.8 675 621 513 
87.7 81.8 73.3 766 681 626 
84.9 78.3 68.6 780 742 617 
83.3 71.7 65.2 802 701 558 
92.2 88.9 77.5 767 676 603 
83.5 80.9 73.8 799 758 623 
84.5 75.8 61.4 801 740 615 
83.3 75.6 68.5 739 722 566 
101.9 93.7 79.7 656 615 589 
89.7 82.7 73.0 743 687 580 
LP group 
11 49 48 45 82.8 82.9 82.6 19 19 17 84.0 81.3 71.7 817 711 596 
12 51 52 49 83.0 83.4 83.5 21 22 21 98.0 97.2 90.5 690 627 493 
13 50 48 46 80.0 80.1 80.3 19 18 16 91.1 85.8 77.8 719 655 545 
14 48 48 42 82.1 82.8 83.0 19 17 15 88.8 82.1 77.0 739 717 520 
15 49 51 49 81.6 81.4 81.2 20 20 19 82.5 74.1 70.0 772 734 616 
16 50 47 42 83.4 82.1 81.8 19 16 16 87.7 81.3 74.7 745 664 540 
17 49 47 43 81.4 82.1 82.1 18 17 15 92.0 84.4 71.5 708 668 553 
18 50 48 45 82.6 83.0 81.2 19 18 17 90.2 82.6 74.5 773 700 522 
19 48 46 43 83.0 81.8 81.7 17 16 16 92.6 84.3 70.3 792 693 578 
20 48 49 45 81.6 81.4 82.8 19 19 18 99.3 92.4 90.1 629 608 478 
% 
Checks 49 48 45 82.2 82.1 
82.0 19 17 17 90.6 84.6 76.8 738 678 544 
21 48 50 47 82.9 81.2 82.5 19 20 17 88.2 82.1 76.8 705 680 516 
22 46 48 46 80.1 80.1 80.8 17 17 18 93.5 95.9 85.6 633 558 535 
23 50 49 46 82.1 82.6 82.4 19 19 18 89.3 86.2 80.9 758 622 531 
Table 49 (Continued) 
Iowa Med High Low Med High Low Med High 
HP group Silking date Shedding date^  (Silking date-shedding date) +10 
01 26.4 27.0 28.8 25.8 25.8 26.6 10,6 11,2 12.2 
02 26.0 26.8 27.6 26.2 26.4 26.8 9.8 10.4 10.8 
03 28.0 27.8 29.8 27.6 27.0 27.6 10.4 10.8 12.2 
04 26.6 27.0 29.0 26.6 26.2 27,2 10.0 10.8 11.8 
05 27.0 27.0 29.4 26.4 25.8 27,2 10.6 11.2 12,2 
06 27.8 27.4 29.6 27.6 26.8 27.0 10.2 10.6 12,6 
07 27.6 27.8 28.8 27.0 26.8 26,4 10.6 11.0 12,4 
08 28.0 28.4 30.0 27.2 27.0 27.8 10.8 11.4 12,2 
09 26.0 26.2 28.8 25.4 25.2 26.8 10.6 11.0 12.4 
10 28.6 26.8 28.2 27.0 26.0 27.4 11.6 10.8 10.8 
X 26.9 27.2 29.0 26.7 26,3 27.1 10.5 10.9 12.1 
LP group 
11 27.6 27.4 28.8 27.2 26,6 27.2 10.4 10.8 11.6 
12 27.0 27.4 28.8 26,2 26,2 26.8 10.8 11.2 12.0 
13 27.0 27.0 29.4 25.8 26.0 27.2 11.2 11.0 12.2 
14 28.0 28.4 29,2 28,0 26,0 28.2 10,0 12.4 11.0 
15 28.2 28.6 29.0 27.6 27.0 27.8 10.6 11.6 11.2 
16 27.2 28.0 29.8 26.6 26,2 26.4 10.6 11.8 13.4 
17 29.0 29.0 30.2 27.2 27.8 28.2 11.8 11.2 12.0 
18 27.8 28.4 29.8 27.8 26.8 27.6 10.0 11.6 12.2 
19 27.6 27.2 30.0 27.2 26.2 26.6 10.4 11.0 13.4 
20 26.4 26.4 28.8 25.6 25,8 26,2 10.8 10.6 12.6 
, X , 27.5 27.8 29.4 26.9 26,5 27.2 10.7 11.3 12,2 
LiueCtvS 
21 25.8 25.8 27.4 25.6 26.0 26,2 10.2 9.8 11.2 
22 29.2 29.2 31.2 28.4 27.6 28.8 10.8 11.6 12.4 
23 28.0 27.8 28.8 27.4 26.0 27,4 10.6 11.8 11.4 
00 4> 
Coded. 
Table 50. Average agronomie data for 10 plant and ear characters in testcrosses of 20 selected 
inbred lines and three checks evaluated in three plant densities at Ankeny, 1968 
Low& Med High Low Med High Low Med High Low Med High Low 
HP grouD 
01 
Yield in q/ha No. ear/plant Plant height (cm) Ear height (cm) Ear 
56.1 62.4 63.2 1.00 1.00 0.98 221 221 237 96 98 109 180 
02 54.6 56.3 59.0 1.00 1.00 0.98 200 219 234 98 95 102 185 
03 55.2 61.6 54.2 0.96 1.00 0.96 219 222 228 101 99 105 183 
04 56.1 58.7 56.8 1.00 0.98 0.94 219 220 218 97 99 98 191 
05 55.5 53.0 54.0 1.00 0.98 1.00 219 226 230 97 107 104 194 
06 66.3 68.5 66.2 1.00 1.00 0.98 227 235 233 102 111 106 189 
07 62.3 64.5 65.0 1.00 1.00 1.00 235 226 231 109 105 110 194 
08 55.2 53.0 54.2 1.00 0.96 0.98 229 217 232 106 101 107 200 
09 53.0 52.6 50.7 1.00 1.00 0.96 216 218 225 97 96 101 190 
10 62.3 62.0 67.4 1.00 1.00 0.98 237 237 233 111 107 107 189 
X 57.7 59.3 59.0 1.00 0.99 0.98 222 224 230 101 102 105 190 
LP group 
11 58.6 53.8 53.1 1.00 0.98 0.90 228 223 236 103 97 104 196 
12 58.0 64.9 55.4 1.00 1.00 0.92 226 220 227 102 102 103 174 
13 54.6 60.0 49.5 0.95 0.98 0.86 226 225 224 106 98 98 180 
14 63.2 58.7 68.0 1.00 1.00 1.00 230 233 231 112 111 112 209 
15 53.6 57.1 53.1 0.94 1.00 0.88 222 226 236 100 100 110 170 
16 54.2 48.9 37.0 1.00 0.90 0.66 222 222 221 95 97 95 205 
17 54.9 54.7 51.3 1.00 1.00 0.88 221 218 229 99 99 104 202 
18 58.6 58.7 54.2 1.00 0.94 0.94 226 225 230 103 103 108 198 
19 62.3 60.0 57.2 0.98 0.96 0.94 221 224 232 102 105 100 215 




57.6 56.8 53.0 0.99 0.97 0.87 225 224 230 102 101 104 194 
52.1 55.1 51.9 0.98 0.98 0.92 209 209 219 93 90 102 177 
22 59.5 60.4 57.8 0.98 0.94 0.86 238 232 240 104 102 112 187 



























Table 50 (Continued) 
Low^  Med High Low Med High Low Med High Low Med High Low Med High 
HP group diameter (mm) Shelling percent Kernel depth (mm) 300-kernel wt (g) No. seed/plant 
01 50 49 44 83.9 83.2 83.5 19 19 17 79.7 75.9 72.2 685 610 438 
02 50 48 44 82.5 82.8 82.8 18 18 16 79.2 68.1 62.0 673 610 483 
03 48 48 42 84.1 84.6 82.3 18 17 15 76.4 71.5 62.0 699 635 443 
04 49 46 41 84.0 83.9 81.3 18 17 16 68.8 61.9 63.3 788 701 447 
05 48 45 43 83.3 83.5 82.4 18 16 15 66.1 61.1 55.7 815 640 494 
06 50 47 43 84.1 84.7 82.8 21 18 17 87.6 82.9 65.4 735 607 510 
07 49 47 44 85.3 84.6 84.6 20 18 17 78.4 73.4 73.5 748 651 447 
08 47 43 42 81.2 81.7 82.1 16 14 13 69.4 61.4 52.7 769 640 541 
09 48 46 40 83.9 80.9 82.2 19 18 15 73.4 68.3 67.9 701 569 379 
10 50 47 43 82.9 83.6 82.2 20 18 16 93.7 74.4 64.0 626 611 529 
X 49 47 43 83.5 83.4 82.6 19 17 16 77.3 69.9 63.9 724 627 471 
LP group 
11 48 43 37 83.6 83.5 82.7 18 16 15 71.9 62.6 62.2 787 636 428 
12 51 50 41 83.8 82.7 83.2 21 21 18 83.9 80.4 82.4 671 603 344 
13 47 45 37 80.3 81.0 81.0 17 16 13 81.8 75.6 73.8 649 585 337 
14 48 46 44 84.5 83.7 82.4 18 18 16 86.7 72.5 64.7 707 597 522 
15 48 48 39 83.0 83.1 82.1 19 19 15 74.8 68.8 65.5 690 614 413 
16 47 40 28 82.9 82.9 80.0 16 15 9 77.1 72.6 71.2 683 497 273 
17 46 44 35 83.3 82.9 82.4 16 16 13 75.7 71.7 67.7 700 560 392 
18 48 43 40 84.7 84.0 83.0 18 17 15 77.9 70.4 68.1 724 603 421 
19 46 43 40 84.7 84.0 83.0 18 17 15 77.9 70.4 68.1 724 603 421 
20 47 46 36 83.6 82.8 81.2 18 18 13 85.0 82.8 79.5 665 550 328 
Checks 48 45 38 83.3 83.0 82.0 18 17 14 79.6 72.5 70.4 702 589 388 
21 49 46 41 84.8 84.2 82.4 18 17 16 73.3 70.7 69.2 688 574 377 
22 48 43 36 81.9 81.3 81.6 18 16 14 87.9 84.2 80.7 658 526 366 
23 49 44 36 83.4 82.1 82.2 19 17 15 80.8 75.0 69.6 708 571 369 
Table 51. Analyses of variance for 13 plant and ear characters in testcrosses of 20 selected 
inbred lines and three checks evaluated at Ames, 1966 
Source of variations Degrees of freedom Mean squares 
No. ear Plant Ear Ear 
Yield per plant* height height length 




483.53* 38.50* 7.67** 
126.76 Densities 2 23.36 70.04 
Replications x densities 8 176.5 0.37 67.55 9.95 1.44 
Entries 22 "kit . ,** 






Selections vs chgcks 
Among selections 
1 156.76^  ^
162.68* 19 






Among HP 9 102.05** 
Among LP 9 
Among checks 2 281.7 0.44 





M14 vs CIO3 1 313.9* 0.87 
Densities x entries 44 133.3* 37.50 4.53 0.91 
Densities x (sel vs ch) 2 382.4 0.20 0.77 1.33 1.57 
Linear 1 0.26 0.44 0.02 1.04 
Quadratic 1 
o:"r 
1.09 2.63 2.09 
Densities x (among selections) 38 125.5 41.87 4.36 0.94 
Densities x (HP vs LP) 2 79.4 
o:63** 
15.32 7.01 1.12 
Linear 1 133.2 27.56 10.82 1.57 
Quadratic 1 25.6 0.08 3.07 3.20 0.68 
O^bserved values were multiplied by 10^ . 
O^rthogonal comparisons based on reasons lines were selected for the study (Table 1). 
Table 51 (Continued) 
Source of variations Degrees of freedom Mean squares 
No. ear Plant Ear Ear 
Yield per plant^  height height length 
Densities x (among HP) 18 58.2 0.05 11.14 3.70 0.27 
Linear 9 78.5 0.04 18.59 5.91 0.30 
Quadratic 9 37.8 0.06** 
198.0** 0.34** 






Densities x (among LP) 18 4.72 
Linear 9 6.33 
Quadratic 9 10.91 3.10 0.67 
Densities x (among checks) 4 83.0 0.10 14.36 7.77 0.34 
Densities x{(M14&C103)vs(M14xC103)} 2 52.0 0.01 14.91 9.33 0.09 
Linear 1 45.6 0.01 2.43 12.40 0.17 
Quadratic 1 58.3 0.00 27.39 6.25 0.00 
Densities x (M14 vs C103) 2 114.1 0.19 13.81 6.21 0.60 
Linear 1 228.0 0.36 15.21 0.81 0.00 
Quadratic 1 0.1 0.01 12.40 11.60 1.19 
Error 264 90.6 0.10 31.71 5.52 0.73 
Total 344 
C . V .  %  10.76 7.44 6.33 5.50 10.14 
Replications 
Densities 
Replications x densities 
Entries 
Selections vs checks 
Among selections^  





























Kernel 300-kernel No. seeds 




















Table 51 (Continued) 
Source of variations Degrees of freedom 
Among HP 9 
Among LP 9 
Among checks 2 
(M14&C103)vs(M14xC103) 1 
M14vsC103 1 
Densities x entries 44 
Densities x (sel vs ch) 2 
Linear 1 
Quadratic 1 
Densities x(among selections) 38 
Densities x (HP vs LP) 2 
Linear 1 
Quadratic 1 
Densities x (among HP) 18 
Linear 9 
Quadratic 9 
Densities x (among LP) 18 
Linear 9 
Quadratic 9 
Densities x (among checks) 4 
Densities (M14&C103)vs(M14xC103)) 2 
Linear 1 
Quadratic 1 





C . V .  %  
Mean squares 
Ear Shelling Kernel 300-kernel No. seeds 












2179.5^  4.15 0.45* 1.44 4.91 
3.31 0.31 0.95 0.44 5100.7 





0.41* 0.63 0.87 
0.48 1.55 5.04 
3.22 0.88 0.89 0.62 782.9 
3.03 1.75* 0.40 0.21 1505.5 
3.40 0.00 1.37 1.03 60.2 
1.00 0.35 0.97 5.52 1280.3 
0.89 0.46 0.62 1.93 1589.8 











5.45 0.41 1.44 2.93 1247.6 
0.58 0.24 0.77 5.96 178.9 
0.27 0.44 1.33 3.23 2075.8 
0.40 0.01 0.96 5.28 2575.5 
0.13 0.87 1.69 1.18 1576.1 
0.89 0.04 0.21 8.69 1501.9 
1.69 0.00 0.25 8.29 2106.8 
0.08 0.08 0.16 9.09 897.1 
2.84 0.29 1.13 4.90 1170.0 
8.23 1.43 12.54 5.88 10.89 
Table 51 (Continued) 
Source of variations Degrees of freedom 
Replications 4 
Densities 2 
Replications x densities 8 
Entries 22 
Selections vs checks 1 
Among selections^  19 
HP vs LP 
Among HP 
Among LP 
Among checks 2 
(M14&G103)vs(M14xC103) 
M14 vs CIO3 
Densities x entries 44 
Densities x (sel vs ch) 2 
Linear 
Quadratic 
Densities x (among selections) 38 
Densities x (HP vs LP) 2 
Linear 
Quadratic 
Densities x (among HP) 18 
Linear 
Quadratic 




Silking Shedding (Silking date-
date date shedding date) +10 
20.61** 40.83** 3.73** 
5.96 0.21 8.41 
0.13 0.22 0.27 
2.91** 3.80** 1.41** 
2.18 6.05** 0.95^  
2.65** 3.88** 1.48 
1 11.09 1.87*. 3.75** 
9 2.79** 3-91 1.35** 
9 1.37** 4.08** 1.35** 
5.78** 1.95** 1.02* 
1 0.88 0.38 0.11 
1 10.67 3.53 1.93 
0.30 0.46 0.21 
0.06 0.05 0.14 
1 0.11 0.03 0.26 
1 0.01 0.07* 0.02 
0.31 0.52 0.18 
0.63* 1.19.. 0.13 
1 1.16 2.21 0.23 
1 0.11 0.18 0.03 
0.24 0.54 0.07 
9 0.23 0.22 0.04 
9 0.26 0.32 0.10 
0.35* 0.69** 0.30 
9 0.49 0.87 * 0.42 
9 0.21 0.52 0.19 
Table 51 (Continued) 
Source of variations Degrees of freedom Mean squares 
Silking Shedding (Silking date-
daté date shedding date) +10 
Densities x (among checks) 4 0.23 0.14 0.50 
Densities x{(M14&C103)vs(M14xC103)) 2 0.38 0.25 0.81 
Linear 1 0.21 0.21 0.00* 
Quadratic 1 0.54 0.28 1.60 
Densities x (M14 vs C103) 2 0.09 0.03 0.20 
Linear 1 0.16 0.04 0.36 
Quadratic 1 0.01 0.01 0.05 
Error 264 0.21 0.31 0.28 
Total 344 
c.v.% 4.10 5.32 10.08 
Table 52. Analyses of variance for 10 plant and ear characters in testcrosses of 20 selected 
Inbred lines and three checks evaluated at Kanawha, 1967 
Source of variations Degrees of freedom Mean squares 
No. ear 
Yield per plant' 
Replications 4 
Densities 2 
Replications x densities 8 
Entries 22 
Selections vs checks 1 
Among selections^  19 
HP vs LP 
Among HP 
Among LP 
Among checks 2 
(MIA&CIO 3)vs(MlAxClO 3) 
M14 vs CIO3 
Densities x entries 44 
Densities x (sel vs ch) 2 
Linear 
Quadratic 
Densities x (among selections) 38 
Densities x (HP vs LP) 
Linear 
Quadratic 































































































































































SL 2 Observed values were multiplied by 10 . 
O^rthogonal comparisons based on reasons lines were selected for the study (Table 1). 
Table 52 (Continued) 
Source of variations Degrees of freedom 
Densities x (among LP) 18 
Linear 9 
Quadratic 9 
Densities x (among checks) 4 
Densities x{(Ml4&C103)vs(M14xCl03)} 2 
Linear 1 
Quadratic 1 





C . V .  %  
Replications 4 
Densities 2 
Replications x densities 8 
Entries 22 
Selections vs checks 1 
Among selections^  19 
HP vs LP 1 
Among HP 9 
Among LP 9 
Among checks 2 
Mean squares 
No. ear 











































2 .02  
7.10 
0.01 








































































































Table 52 (Continued) 








M14 vs CIO3 
Densities x entries 44 
Densities x (sel vs eh) 2 
Linear 
Quadratic 
Densities x(among selections) 38 
Densities x (HP vs LP) 2 
Linear 
Quadratic 
Densities x (among HP) 18 
Linear 
Quadratic 
Densities x (among LP) 18 
Linear 
Quadratic 































































































































































Table 53. Analyses of variance for 13 plant and ear characters in testcrosses of 20 selected 
inbred lines and .three checks evaluated at Ames, 1967 
Source of variations Degrees of freedom Mean squares 
Replications 
Densities 
Replications x densities 
Entries 
Selections vs checks 
Among selections^  





M14 vs CIO3 
Densities x entries 
Densities x (sel vs ch) 
Linear 
Quadratic 
Densities x (among selections) 
Densities x (HP vs LP) 
Linear 
Quadratic 
Densities x (among HP) 
Linear 
Quadratic 
No. ear Plant Ear Ear 
Yield per plant height height length 
4 925.0 
54746.8 
43.28 49.03 3.59^  ^
2 12.32 42.27 176.30** 


























2 170.1 0.49, 2.04** 





1 2.2 0.17 1.54 
44 129.5 0.22 7.33 5.07 0.98 
2 25.1 0.12 8.20 10.59 0.40 
1 7.0 0.10 10.64 1.60 0.72 
1 43.1. 0.13 5.75 19.65 0.07, 
38 142.7 
:Sï 7.50 4.24 4:90%; 9.49 2 162.2 1.92 10.44 1 295.9 0.96 12.54 
1 28.4, 0.43 2.88 8.32 0.31 
18 147.8 0.13 6.50 3.80 0.66 
9 99.7, 0.19 6.07 2.43 0.73 
9 195.9 0.07 6.93 5.17 0.58 
O^bserved values were multiplied by 10^ , 
O^rthogonal comparisons based on reasons lines were selected for the study (Table 1). 
Table 53 (Continued) 
Source of variations Degrees of freedom 
Densities x (among LP) 18 
Linear 9 
Quadratic 9 
Densities x (among checks) 4 
Densities x{(M14&Cl03)vs(M14xC103)} 2 
Linear 1 
Quadratic 1 








Replications x densities 8 
Entries 22 
Selections vs checks 1 
Among selections^  19 
HP vs LP 1 
Among HP 9 
Among LP 9 
Mean squares 
No. ear Plant Ear Ear 
Yield per plant height height length 
135.5* 0.25. 9.11 4.00 1.00 
94.7 0.35 8.85 2.89 0.99 
176.3 0.16 9.41 5.10 1.01 
56.1 0.14 5.26 10.18 0.66 
65.0 0.25 0.32 12.33 0.58 
6.8 0.48 0.56 24.65 0.09 
123.2 0.28 0.05 0.00 1.07 
47.2 0.03 10.22 8.03 0.74 
76.0 0.04 1.69 9.00 1.12 
18.8 0.01 18.75 7.05 0.36 
91.6 0.17 11.51 7.72 0.65 




Shelling Kernel 300-kernel No. seeds 





































































Table 53 (Continued) 
Source of variations Degrees of freedom 
Among checks 2 
(M14&C103)vs(M14xC103) 1 
M14 vs CIO3 1 
Densities x entries 44 
Densities x (sel vs ch) 2 
Linear 1 
Quadratic 1 
Densities x (among selections) 38 
Densities x (HP vs LP) 2 
Linear 1 
Quadratic 1 
Densities x (among HP) 18 
Linear 9 
Quadratic 9 
Densities x (among LP) 18 
Linear 9 
Quadratic 9 
Densities x (among checks) 4 
Densities x{(M14&C103)vs(M14xC103)} 2 
Linear 1 
Quadratic 1 





C . V .  %  
Mean squares 
Ear Shelling Kernel 300-kernel 
diameter^  percent depth^  weight per plant 
6.33 4.37** 2.92 79.59** 4808.0 
6.24 0.04 2.00 18.24.. 1327.8. 
6.41 8.69 3.84 140.94 8288.2* 
0.48 0.63 1.18 9.82 2612.0* 
0.14 0.53 0.02 10.39 1261.2 
0.17 1.06 0.04 18.88 1596.9 
0.11 0.00** 0.00 1.91 925.5 
5.51* 0.69 1.46 10.35 2889.8 
13.09 0.34 1.99 16.00 8559.9.* 
20.45 0.64 2.70 31.79 16184.5 
5.72 0.04 1.28 0.20 935.2 
3.78 0.35 8.65 8.96 2561.6 
4.00 0.05 0.83 9.73 2629.5 
3.56 0.65 0.90 8.18 2493.7 
6.38* 0.95.. 2.00 11.12. 2587.8 
7.78 1.11 2.42 15.01 2046.6 
4.97 0.79 1.58 7.23 3129.1 
0.38 0.23 0.56 4.47 647.9 
0.72 0.40 1.04 5.65 140.5 
1.33 0.24 2.62 0.79 58.1 
0.11 0.57 0.18 10.50 223.0 
0.05 0.05 0.08 3.30 1155.3 
0.04 0.00 0.75 1.00 2265.8 
0.05 0.10 0.00 5.60 44.9 
3.66 0.35 1.16 7.36 1723.6 
9.59 1.62 12.83 7.81 14.27 
Table 53 (Continued) 
Source of variations Degrees of freedom 
Date 
silking 
Replications 4 0.22 
30.06 Densities 2 




Selections vs checks 1 
2.40 
Among selections 19 
HP vs LP 1 
Among HP 9 
Among LP 9 0-77** 
Among checks 2 5.38 
(M14&C103)vs(Ml4xC103) 1 0.08** 
M14 vs C103 1 10.67 
Densities x entries 44 0.22 
Densities x (sel vs eh) 2 0.20 
Linear 1 0.01 
Quadratic 1 0.38 
Densities x (among selections) 38 0.23 
Densities x (HP vs LP) 2 0.61 
Linear 1 1.16 
Quadratic 1 0.07 
Densities x (among HP) 18 0.21 
Linear 9 0.19 
Quadratic 9 0.24 
Densities x (among LP) 18 0.20 
Linear 9 0.27 
Quadratic 9 0.13 
Densities x (among checks) 4 0.13 
Densities x{(M14&C103)vs (Ml4xC103)} 2 0.02 
Mean squares 
Date (Silking date-
sheddlng shedding date) +10 






















Table 53 (Continued) 
Source of variations Degrees of freedom Mean squares 
Date Date (Silking date-
silking shedding shedding date) 
Linear 1 0.03 0.01 0.08 
Quadratic 1 0.01 0.02 0.00 
Densities x (M14 vs 0103) 2 0.25 0.14 0.65, 
Linear 1 0.49 0.16 1.31 
Quadratic 1 0.00 0.12 0.08 
Error 264 0.33 0.15 0.25 
Total 344 
C . V .  %  4.03 2.82 10.35 
Table 54. Analyses of variance for 10 plant and ear characters In testcrosses of 20 selected 
inbred lines and three checks evaluated at Kanav^a, 1968 
Source of variations Degrees of freedom Mean squares 
No. ear 
Yield per plant' 
Replications 
Densities 





Selections vs checks 1 
Among selections^  19 
HP vs LP 
Among HP 
Among LP 
Among checks 2 
(M14&C10 3)vs(M14xC10 3) 
M14 vs CIO3 
Densities x entries 44 
Densities x (sel vs ch) 2 
Linear 
Quadratic 
Densities x (among selections) 38 
Densities x (HP vs LP) 2 
Linear 
Quadratic 


















































































































































0 . 2 6  
0 . 2 6  










Observed values were multiplied by 10 . 
O^rthogonal comparisons based on reasons lines were selected for the study (Table 1). 
Table 54 (Continued) 
Source of variations Degrees of freedom Mean squares 
No. ear Plant Ear Ear 
Yield per plant^  height height length 
Densities x (among LP) 18 58.5 0.06 9.83 3.91 0.36 
Linear 9 51.0 0.05 4.87. 2.38 0.31 
Quadratic 9 66.0 0.08 14.79 5.44 0.41 
Densities x (among checks) 4 58.0 0.06 2.17 3.43 0.34 
Densities x{(M14&C103)vs(M14xC103)} 2 24.1 0.03 2.66 4.85 0.06 
Linear 1 41.8 0.00 0.03 0.08 0.06 
Quadratic 1 6.4 0.05 5.29 9.61 0.05 
Densities x (M14 vs C103) 2 91.7 0.09 1.60 2.00 0.62 
Linear 1 25.0* 0.01 5.25 3.61 0.59 
Quadratic 1 158.4 0.16 0.96 0.40 0.64 
Error 264 35.75 0.05 7.17 4.23 0.32 
Total 344 
C.V. % 7.61 5.10 2.62 4.56 7.25 
Ear Shelling Kernel 300-kernel No. seeds 
diameter^  percent depth^  weight per plant 
Replications 
Densities 
Replications x densities 
Entries 
Selections vs checks 
Among selections^  


















































































Table 54 (Continued) 









Among checks 2 
(M14&C103)vs(MlAxClO 3) 
M14 vs CIO3 
Densities x entries 44 
Densities x (sel vs ch) 2 
Linear 
Quadratic 
Densities x (among selections) 38 
Densities x (HP vs LP) 
Linear 
Quadratic 
Densities x (among HP) 
Linear 
Quadratic 
Densities x (among LP) 
Linear 
Quadratic 
Densities x (among checks) 4 
Densities x{(M14&C10 3)vs(M14xG10 3)} 
Linear 
Quadratic 






















































































0 .02  







































































Table 55. Analyses of variance for 13 plant and ear characters In testcrosses of 20 selected 
Inbred lines and three checks evaluated at Ames, 1968 
Source of variations Degrees of freedom Mean squares 
No. ear Plant Ear Ear 
Yield per plant* height height length 
Replications 4 343-4*# 0.05 43.84. 
202.65 
0-81** 
84.18 Densities 2 36981.2 0.04 194.14 
Replications x densities 8 92.0 0.07 30.01 19.55 0.34 
Entries 22 
** ** ** ** 
144.7 0.09 103.38 70.68 3.23 
Selections vs checks 1 215.3* 0.01 30.34^  ^ 4.86_. 1.74* 
Among selections^  19 152.7 :::: 77.04 70.00 3.55%* HP vs LP 1 0.0 





Among HP 9 0.06 0.98** 
6.35** Among LP 9 92.4 0.09 
Among checks 2 33.2 0.02 390.22** 110.15 1.01 
(M1A&C103)vs(Ml4xC103) 1 65.7 0.02 4.30** 
216.00 M14 vs CIO3 1 0.7 0.01 
Densities x entries 44 63.3 0.06 10.34 6.12 
Densities x (sel vs ch) 2 186.6 
324.9* 
0.24 0.24 13.58 
Linear 1 0.39 0.00 10.52 
Quadratic 1 48.3 0.08 0.48 16.64 0.41 
Densities x (among selections) 38 50.6 0.06 11.41 6.10 0.27 
Densities x (HP vs LP) 2 23.0 0.10 5.03 1.61 0.26 
Linear 1 30.6 0.12 3.14 1.76 0.02 
Quadratic 1 15.4 0.08 6.91 1.45 0.49 
Densities x (among HP) 18 51.5 0.04 10.58 3.92 0.28 
Linear 9 63.1 0.05 10.45 1.42 0.27 
Quadratic 9 39.9 0.02 10.70 6.42 0.30 
O^bserved values were multiplied by 10^ . 
O^rthogonal comparisons based on reasons lines were selected for the study (Table 1). 
Table 55 (Continued) 
Source of variations Degrees of freedom 
Densities x (among LP) 18 
Linear 9 
Quadratic 9 
Densities x (among checks) 4 
Densities x{(M14&C103)vs(Ml4xC103)} 2 
Linear I 
Quadratic 1 





C . V .  %  
Replications 4 
Densities 2 
Replications x densities 8 
Entries 22 
Selections vs checks 1 
Among selections^  19 
HP vs LP 1 
Among HP 9 
Among LP 9 
Mean squares 
No. ear Plant Ear Ear 
Yield per plant* height height length 
52.7 0.07 12.96 8.81 0.28 
88.3 0.07 16,32 11.85* 0.38 
17.0. 0.06 9.60 5.76 0.17 
122.7 0.01 5.18 2.60 0.14 
142.8 0.02 2.63 2.06 0.27 
181.0 0.03 4.81 0.75 0.53 
104.7 0.01 0.44 3.36 0.01 
102.5 0.01 7.73 3.14 0.02 
151.3 0.01 9.00 1.21 0.00 
53.8 0.00 6.45 5.07 0.02 
48.0 0.06 10.10 6.07 0.27 
8.49 5.70 3.36 5.98 6.32 
Ear Shelling Kernel 300-kernel No. seeds 
diameter^  percent depth^  weight per plant 
1.32** 0.54 1.04** 140.27* 1094.4 
123.29 0.14 26.37 1221.58 187282.4 
1.26 0.30 0.06 25.79 941.6 
4.74** 2.65** 4.49** 120.28** 6687.1** 
0.03. 4.84** 0.13^  ^ 102.69** 16907.4** 
i:::- :::: 
Table 55 (Continued) 
Source of variations Degrees of freedom 
Among checks 2 
(Ml4&C103)vs(M14xC103) 1 
M14 vs CIO3 1 
Densities x entries 44 
Densities x (sel vs ch) 2 
Linear 1 
Quadratic 1 
Densities x (among selections) 38 
Densities x (HP vs LP) 2 
Linear 1 
Quadratic 1 
Densities x (among HP) 18 
Linear 9 
Quadratic 9 
Densities x (among LP) 18 
Linear 9 
Quadratic 9 
Densities x (among checks) 4 
Densities x{(M14&C103)vs(Ml4xC103)} 2 
Linear 1 
Quadratic 1 





C . V .  %  
Mean squares 
Ear Shelling Kernel 300-kernel No. seeds 
diameter^  percent depth* weight per plant 
2.92 3.73** 2.34** 67.29** 3657.2** 
2.00 2.45** 2.00* 4.85.. 2151.7.. 
3.84 5.01 2.67 129.74 5162.7 
1.45 0.34 0.79 7.00 778.3 
5.86 * 0.37 0.23^  ^ 25.97 536.1 
11.40 0.01 3.99 49.02** 69.2 
0.31 0.73 0.46 2.11 1003.0 
1.24 0.33 0.74 6.20 655.4 
1.63 5.03** 0.43 11.60 1443.1 
0.73 0.90 0.84 22.44 2499.6 
2.52 0.15 0.01 0.76 386.6 
1.11 0.29 0.84* 5.02 733.3 
1.44 0.41 1.46 7.56 943.1 
0.78 0.17 0.22 2.48 523.4 
1.32 0.35 0.67 6.78 490.0 
2.00 0.51 0.82 10.52 576.0 
0.65 0.20 0.52 3.05 403.9 
1.19 0.37 0.59 5.09 2066.5 
2.01 0.37 0.06 1.06 157.5 
3.20 0.00 0.03 0.47 2279.8 
0.81 0.73 0.09 1.65 870.3 
0.38 0.38 1.13 9.13 2557.9 
0.49 0.29 1.69 3.06 2088.5 
0.27 0.46 0.56 15.19 3027.4 
1.13 0.32 0.49 6.53 648.0 
4.97 1.52 8.51 6.85 8.68 
Table 55 (Continued) 
Source of variations Degrees of freedom 
Replications 4 
Densities 2 
Replications x densities 8 
Entries 22 
Selections vs checks 1 
Among selections 19 
HP vs LP 
Among HP 
Among LP 
Among checks 2 
(Ml4&C103)vs(M14xC103) 
M14 vs C103 
Densities x entries 44 
Densities x (sel vs ch) 2 
Linear 
Quadratic 
Densities x (among selections) 38 
















































































Table 55 (Continued) 
Source of variations Degrees of freedom Mean squares 
Date Date (Silking date-
sUklnR shedding shedding date) 
Densities x (among checks) 4 0.11 0.22 0.28 
Densities x{(M14&C103)vs(Ml4xC103)} 2 0.19 0.24 0.39 
Linear 1 0.33 0.08 0.08 
Quadratic 1 0.04 0.40 0.69 
Densities x (M14 vs C103) 2 0.03 0.20 0.18 
Linear 1 0.04 0.01 0.09 
Quadratic 1 0.01 0.40 0.27 
Error 264 0.28 0.15 0.26 
Total 344 
C . V .  %  4.25 3.22 10.21 
Table 56. Analyses of variance for 10 plant and ear characters in testcrosses of 20 selected 
inbred lines and three checks evaluated at Ankeny, 1968 
Source of variations Degrees of freedom Mean squares 
No. ear 
Yield per plant" 
Replications A 
Densities 2 
Replications x densities 8 
Entries 22 
Selections vs checks 1 
Among selections^  19 
HP vs LP 
Among HP 
Among LP 
Among checks 2 
(M14&C102)vs(M14xC103) 
M14 vs CIO3 
Densities x entries 44 
Densities x (sel vs ch) 2 
Linear 
Quadratic 
Densities x (among selections) 38 
Densities x (HP vs LP) 
Linear 
Quadratic 








































































































































































O^bserved values were multiplied by 10^ . 
O^rthogonal comparisons based on reasons lines were selected for the study (Table 1). 
Table 56 (Continued) 
Source of variations Degrees of freedom 
Densities x (among LP) 18 
Linear 9 
Quadratic 9 
Densities x (among checks) 4 
Densities x{(M14&C103)vs(M14xC103)} 2 
Linear 1 
Quadratic 1 





C . V .  %  
Replications 4 
Densities 2 
Replications x densities 8 
Entries 22 
Selections vs checks 1 
Among selections^  19 
HP vs LP 1 
Among HP 9 
Among LP 9 
Mean squares 
No. ear Plant Ear Ear 
Yield per plant height height length 
58.5 
** 4 
0.26 12.10 9.70 0.78 
35.1 0.43 14.99 11.75 1.05 
81.9 0.10 9.20 7.64 0.51 
38.0 0.06 11.41 13.08 0.18 
47 .8  0.07 12.70 25.92 0.34 
92.9 0.08 10.45 0.00 0.57 
2.7 0.05 14.95 51.84 0.10 
28.0 0.05 10.10 0.24 0.03 
50.4 0.09 19.36 0.36 0.00 
5.6 0.00 0.85 0.12 0.06 
46.7 0.09 22.33 12.71 0.37 

















































































Table 56 (Continued) 
Source of variations Degrees of freedom Mean squares 
Among checks 2 
M14&C103)vs(M14xC103) 1 
M14 vs CIO3 1 
Densities x entries 44 
Densities x (sel vs ch) 2 
Linear 1 
Quadratic 1 
Densities x (among selections) 38 
Densities x (HP vs LP) 2 
Linear 1 
Quadratic 1 
Densities x (among HP) 18 
Linear 9 
Quadratic 9 
Densities x (among LP) 18 
Linear 9 
Quadratic 9 






























































































































2 . 2 8  
0.10 
































Table 57. Analyses of variance for 13 plant and ear characters in testcrosses of 20 selected 
inbred lines and three checks evaluated at Ames, 1966 
Source of variations Degr ees of freedom Mean squares 
No. ear Plant Ear Ear 
Yield per plant^  height height length 
Replications 4 483.53* 38.50* 
126.76 Densities 2 23.36 70.04 
Replications x densities 8 176.5 0.37 67.55 9.95 1.44 
22 





Entries 534.3.+ 0-44 174.80. 3.35+^ 





Among selections^  19 162.68* 
Group 0 vs (1&2&3&4) 1 1.9 0.16 70.56 22.62 






1 vs 2 1 29-2** 
867.1 
0.10. 0.35 
3 vs 4 1 0.39 0.12 
Among 0 1 0-5** 
405.2** 
0.01 24.00 
•:i= Among 1 4 0.24 42.64 
Among 2 3 255.3* 
974.8** 
0.04 
199.83** Among 3 4 0.27 1.03 
Among 4 3 959.5** 1.48** 
0.66** 
4.94** 
Among checks 2 281.7* 0.44 





M14 vs CIO3 1 313.9. 0.87 
Densities x entries 44 133.3* 37.50 4,53 0.91 
Densities x (sel vs ch) 2 382.4 0.20 0.77 1.33 1.57 
Linear 1 0.26 0.44 0.02 1.04 
Quadratic 1 0.13 1.09 2.63 2.09 
O^bserved values were multiplied by 10^ . 
O^rthogonal comparisons based on breeding groups. 
Table 57 (Continued) 
Source of variations Degrees of freedom 
Densities x (among selections) 38 
Densities x {O vs (1&2&3&4)} 2 
Linear 1 
Quadratic 1 
Densities x {(1&2) vs (3&4)} 2 
Linear 1 
Quadratic 1 
Densities x (1 vs 2) 2 
Linear 1 
Quadratic 1 
Densities x (3 vs 4) 2 
Linear 1 
Quadratic 1 
Densities x among 0 2 
Linear 1 
Quadratic 1 
Densities x among 1 8 
Linear 4 
Quadratic 4 
Densities x among 2 6 
Linear 3 
Quadratic 3 
Densities x among 3 8 
Linear 4 
Quadratic 4 




No. ear Plant Ear Ear 
Yield per plant^  height height length 
125.5 0.21** 41.87 4.36 0.94 
120.5 0.05 6.06 0.56 0.87 










38.4 115.20 21.16 4.44 
32.5 0.31 0.21 15.72 0.53 
82.1 0.03 56.35 5.16 0.86 
127.4 0.01 112.67 11.31 1.69 
36.8 0.04^  0,01 0.00 0.03 
97.7 0.44 2.54 7.11 1.13 
109.6 0.34 3.60 13.77 1.05 
85.9 0.54 1.48 0.45 1.19 
40.5 0.05 17.36 2.01 0.01 
20.3 0.04 25.00 4.00 0.03 
60.8 0.05 9.72 0.01 0.00 
148.2 0.03 16.40 5.55 0.33 










172.7 0.09 2.82 1.12 
184.7 0.15 21.16 0.25 0.71 
59.7 0.09 8.56 3.73 0.48 














Table 57 (Continued) 
Source of variations Degrees of freedom Mean squares 
No. ear Plant Ear Ear 
Yield per plant^  height height length 
Densities x (among checks) 4 83.0 0.10 14.36 7.77 0.34 
Densities x {(M14&C103)vs(Ml4xC103)} 2 52.0 0.01 14.91 9.33 0.09 
Linear 1 45.6 0.01 2.43 12.40 0.17 
Quadratic 1 58.3 0.00 27.39 6.25 0.00 
Densities x (M14 vs C103) 2 114.1 0.19 13.81 6.21 0,60 
Linear 1 228.0 0.36 15.21 0.81 0.00 
Quadratic 1 0.1 0.01 12.40 11.60 1.19 
Error 264 90.6 0.10 31.71 5.52 0.73 
Total 344 
C . V .  %  10.76 7.44 6.33 5.50 10.14 
Replications 
Densities 
Replications x densities 
Entries 
Selections vs checks 
Among selections^  
Group Q vs (1&2&3&4) 
(1&2) vs (3&4) 
1 vs 2 






































0 .21  
3.08 








Kernal 300-kernel No. seeds 





















289.90_ 4436.0^  ^
675.76** ** 






























Table 57 (Continued) 
Source of variations Degrees of freedom 
Among 2 3 
Among 3 4 
Among 4 3 
Among checks 2 
(M14&C103) vs (Ml4xC103) 1 
M14 vs CIO3 1 
Densities x entries 44 
Densities x (sel vs ch) 2 
Linear 1 
. Quadratic 1 
Densities x (among selections) 38 
Densities x {O vs (1&2&3&4)} 2 
Linear 1 
Quadratic 1 
Densities x {(1&2) vs (3&4)} 2 
Linear 1 
Quadratic 1 
Densities x (1 vs 2) 2 
Linear 1 
Quadratic 1 
Densities x (3 vs 4) 2 
Linear 1 
Quadratic 1 
Densities x among 0 2 
Linear 1 
Quadratic 1 




Ear Shelling Kernel 300--kernel No. seeds 
















2179.5 4.15* 0.45* 1.44 4.91 
3.31 0.31 0.95 0.44 5100.7* 











0.85 0.08 9.84 1111.2 
0.92 0.02 4.24 1792.2 
0.78* 0.29 0.13. 15.44 429.4 
13.51** 
20.85 
0.14 4.50* 8.67 216.1 
0.33 5.44 16.78 0.2 
6.16 0.00 3.56 0.54 432.0 
0.32 0.68 0.08 4.12 539.9 
0.61 1.25 0.16 0.03 1008.0 
0.02 0.08 0.00 8.20 71.8. 
4.50 0.35 0.33 4.35 5026.9. 
1.16 0.06 0.56 8.41 5774.4 
7.84 0.64 0.19 0.29 4279.3 
2.18 0.82 0.99 2.75 612.7 
0.04 1.02 0.36 0.18 123.2 
4.32 0.61 1.61 5.31 1102.1 
1.98 0.23 1.58 3.95 2212.8 
2.81 0.28 1.91 0.33 3226.0 
1.15 0.18 1.25 7.56 1199.5 
Table 57 (Continued) 
Source of variations Degrees of freedom 
Densities x among 2 6 
Linear 3 
Quadratic 3 
Densities x among 3 8 
Linear 4 
Quadratic 4 
Densities x among 4 6 
Linear 3 
Quadratic 3 
Densities x (among checks) 4 
Densities x {(M14&C103)vs(Ml4xC103)} 2 
Linear 1 
Quadratic 1 





C . V .  %  
Replications 4 
Densities 2 
Replications x densities 8 
Entries 22 







































































































































Table 57 (Continued) 
Source of variations Degrees of freedom 
Among selections^  19 
Group 0 vs (1&2&3&4) 1 
a&2) vs C3&4) 1 
1 vs 2 1 
3 vs 4 1 
Among 0 1 
Among 1 4 
Among 2 3 
Among 3 4 
Among 4 3 
Among checks 2 
(M14&C1Q3) vs (M14xC103) 1 
M14 vs 0103 1 
Densities x entries 44 
Densities x (sel vs ch) 2 
Linear 1 
Quadratic 1 
Densities x (among selections) 38 
Densities x {O vs (1&2&3&4)} 2 
Linear 1 
Quadratic 1 
Densities x {(1&2) vs (3&4)} 2 
Linear 1 
Quadratic 1 
Densities x (1 vs 2) 2 
Linear 1 
Quadratic 1 




Date Date Silking date-















0.30 0.46* 0.21 
0.06 0.05 0.14 
0.11 0.03 0.26 
0.01* 0.07* 0.02 





0.13 0 . 1 2  0.00 
0.19 0.39 0.09 
0.25 0.75 0.16 
0.13 0.03 0.02 
0.24 0.65 0.08 
0.00 0.01. 0,01 
0.47 1.30 0.16 
0.90* 0.30 0.22 
1.05 0.21 0.37 
0.76 0.39 0.05 
Table 57 (Continued) 
Source of variations Degrees of freedom Mean squares 
Date Date (Silking date-
silking shedding shedding date) +10 
Densities x among 0 2 0.13 0.01 0.06 
Linear 1 0.25 0.01 0.09 
Quadratic 1 0.00 0.00 0.03 
Densities x among 1 8 0.23 0.21 0.07 
Linear 4 0.07 0.06 0.03 
Quadratic 4 0.39 0.37 0.10 
Densities x among 2 6 0.17 0.65 0.58 
Linear 3 0.26 0.34. 0.60 
Quadratic 3 0.07 0.96 0.56 
Densities x among 3 8 0.26 0.30 0.05 
Linear 4 0.33 0.36 0.07 
Quadratic 4 0.19 0.24** 0.03 
Densities x among 4 6 0.34. 1.05 0.27 
Linear 3 0.61 2.00 0.49 
Quadratic 3 0.08 0.20 0.05 
Densities x (among checks) 4 0.23 0.14 0.50 
Densities x {(M14&C103)vs (M14xClQ3)} 2 0.38 0.25 0.81 
Linear 1 0.21 0.21 0.00^  
Quadratic 1 0.54 0.28 1.60 
Densities x (M14 vs CIO3) 2 0.09 0.03 0.20 
Linear 1 0.16 0.04 0.36 
Quadratic 1 0.01 0.01 0.05 
Error 264 0.21 0.31 0.28 
Total 344 
C . V .  %  4.10 5.32 10.08 
Table 58. Analyses of variance for 10 plant and ear characters in testcrosses of 20 selected 
inbred lines and three checks evaluated at Kanawha, 1967 
Sou*ce of variations Degrees of freedom Mean squares 
No. ear Plant Ear Ear 
Yield per plant height height length 
Replications 4 5262.1 
31460.0 
1.80 848.81* 13.69 20-94** 
118.03 Densities 2 5.12 140.84 4.63 
Replications x densities 8 1197.4 0.81 143.77 28.40 6.15 
Entries 22 577.3** 
863.2** 
0.69** 45.83** 21.73** 3'74%* 
Selections vs checks 1 0.80** 9.45. 
Among selections^  19 456.7** 36.39 
Group 0 vs (1&2&3&4) 1 700.9 4.74 13.32 
i:::-(1&2) vs (3&4) 1 71.2 0.02 0.58 0.00^  
1 vs 2 1 57-0** 
1581.1 
0.16 13.49 53.77 0.05 
3 vs 4 1 0.65 109.35 20.73 0.42 
Among 0 1 80.7 0.03 4.86 1.31 0.02 
Among 1 4 367.8 0.35 24.67 10.46 3.85** 









Among 4 3 15.71** 29.66 9.35 
Among checks 2 153.68 42.72* 1.66 
(M14&C103) vs (M14 X C103) 1 621-9** 96.14** 41.71* 2.61 
M14 vs CIO3 1 2537.9 211.23 43.73 0.71 
Densities x entries 44 105.2 0.32 32.29 11.49. 1.25 
Densities x (sel vs ch) 2 193.8 0.31 67.74 33.81 1.23 
Linear 1 6.7 0.04 11.71 0.98 0.02 
Quadratic 1 47.5 0.22 0.52 1.02 1.26 
O^bserved values were multiplied by 10^ . 
O^rthogonal comparisons based on breeding groups. 
Table 58 (Continued) 
Sources of variations Degrees of freedom 
Densities x (among selections) 38 
Densities x {0 vs (1&2&3&4)} 2 
Linear 
Quadratic 
Densities x {C1&2) vs (3&4)} 2 
Linear 
Quadratic 
Densities x (1 vs 2) 2 
Linear 
Quadratic 
Densities x (3 vs 4) 2 
Linear 
Quadratic 
Densities x among 0 2 
Linear 
Quadratic 
Densities x among 1 8 
Linear 
Quadratic 
Densities x among 2 6 
Linear 3 
Quadratic 3 
Densities x among 3 8 
Linear 4 
Quadratic 4 




No. ear Plant Ear Ear 




























98.7 0.32 33.91 12.19. 
193.9 0.31 87.74* 33.81 
135.2 0.28 14.16^  17.78 
252.5 0.34 161.32 49.84* 
23.7 0.09 13.21 0.27 
43.6 0.16 12.48 0.36 
3.7 0.02 13.94 0.07 
4.2 0.00 4.54 4.17 
1.7 0.00 7.51 7.63 
6.5 0.00 1.57 0.71 
72.4 0.53 21.69 11.50 
27.1 0.66 14.56 2.95 
117.6 0.39 29.21 19.15 
50.3 0.05 23.22 2.43 
82.8 0.04 39.69 3.24 
17.8 0.05 6.75 1.61 
101.2 0.22 51.76 15.47 
289.6 0.25 31.87 8.93 
15.2 0.01 21.38 13.40 
145.4 1.13** 7.33 11.05 
47.1 1.98 6.59 
243.7 12.68 15.54 
152.4. 
289.6 
0.13 26.63 11.17 








244.0 12.68 15.54 
Table 58 (Continued) 
Source of variations Degrees of freedom 
Densities x (among checks) 4 
Densities x {(M14&C103)VSCM1AXC1Q3)> 2 
Linear 1 
Quadratic 1 







Densities , 2 
Replications x densities 8 
Entries 22 
Selections vs checks 1 
Among selections 19 
Group 0 vs (1&2&3&4) 
(1&2) vs C3&4) 
1 vs 2 





























































0 . 8 2  
5.12 7.44 11.75 TO N> 
O 
Kernel 300-kernel No. seeds 
depth^  weight per plant 
14.96.. 134.98** 46156.5 
71.10 814.87 211423.2 
6.52 13.99 12400.5 
8.35** 66.99** 11160.3** 
5.45 21.23^^ 28137.4^^ 
7.99** 76.34 9121.1 
18.74 429.66** 2310.5 
29.40 139.72 5123.6 
0.14.. 36.80 531.2 
21.76 223.98 232.1 
0.03 19.37 3389.1** 
3.61 31.90 7035.5 
Table 58 (Continued) 
Source of variations Degrees of freedom 
Among 2 3 
Among 3 4 
Among 4 3 
Among checks 2 
(M14&C103) vs (M14xCl03) 
M14 vs CIO3 
Densities x entries 44 
Densities x (sel vs ch) 2 
Linear 
Quadratic 
Densities x (among selections) 38 
Densities x{0 vs (1&2&3&4)} 2 
Linear 
Quadratic 
Densities x {(1&2) vs (3&4)} 2 
Linear 
Quadratic 
Densities x (1 vs 2) 2 
Linear 
Quadratic 
Densities x (3 vs 4) 2 
Linear 
Quadratic 
Densities x among Q 2 
Linear 
Quadratic 



















































































1.35 7.06 1893.5 
1.86 8.20 1665.3 
0.30 4.29 9.7 
1.37 6.74 4059.2 
1.42 7.51 1826.9 
1.86 8.20 1665.4 
2.92 2.94 1687.4 
0.79 13.47 1643.3 
0.18 7.48 2982.3 
0.32 4.61 4462.2 
0.03 10.35 1502.3 
1.01 18.76. 1153.9 
1.97 21.02 323.8 
0.04 16.49 1984.0 
1.05 4.72 2862.9 
0.13 2.68 368.4 
1.96 6.76 5357.4 
0.33 3.77 157.7 
0.25 6.76 198.8 
0.40 0.77 116.6 
1.16 4.10* 1863.1 
1.99 12.29 2985.3 
1.36 3.67 832.1 
Table 58 (Continued) 
Source of variations Degrees of freedom Mean squares 
Ear 
diameter" 
Densities x among 2 
Linear 
Quadratic 
Densities x among 3 
Linear 
Quadratic 
. Densities x among 4 
Linear 
Quadratic 
Densities x Camong checks) 4 
Densities x {(M14&C103)vs(M14xC103)} 
Linear 
Quadratic 























































































































Table 59. Analyses of variance for 13 plant and ear characters in testcrosses of 20 selected 
inbred lines and three checks evaluated at Ames, 1967 
Source of variations Degrees of freedom Mean squares 
No. ear Plant Ear Ear 
Yield t>er plant* height heieht length 





176.30* Densities 2 12.32 42.27 
Replications x densities 8 1990.5 0.10 39.50 20.38 3.93 
Entries 22 377.4** 
808.4** 
0.62** 103.10** 54.34** 3.04** 
Selections vs checks 1 0.53^  ^ 58.23* 0.54 2.23_ 
Among selections^  19 376.5** 
944.6** 
66.71** 48.28 3.18 
Group 0 vs (1&2&3&4) 1 13.38 16.92 0-02** 
14.89 (1&2) vs (3&4) 1 136.3 0.24 0.33 29.93.. 
1 vs 2 1 242,8 0.28 
Al.lh 
33.35 0.73 
3 vs 4 1 162.9 0.57 43.24* 0.32 
Among 0 1 18.0 0.06 9.63 1.93** 
82.87 
4.37* 
Among 1 4 65.4 
361.8** 
406.4** 






0.38^  ^ J::- 10.76** 78.47 * 





Among checks 2 170.1 0.49 2.04 
(M14&C103) vs (M14 X C1Q3) 1 338.0 0.80 4.91** 
937.50 266.67 
2.54 
M14 vs CIO3 1 2.2 0.17 1.54* 
Densities x entries 44 129.5 0.22 7.33 5.07 0.98 
Densities x (sel vs ch) 2 25.1 0.12 8.20 10.59 0.40 
Linear 1 7.0 0.10 10.64 1.60 0.72 
Quadratic 1 43.1 0.13 5.75 19.65 0.07 
O^bserved values were multiplied by 10^ . 
O^rthogonal comparisons based on breeding groups. 
Table 59 (Continued) 
Source of variations Degrees of freedom 
Densities x (among selections) 38 
Densities x {O vs (1&2&3&4)} 2 
Linear 1 
Quadratic 1 
Densities x {(1&2) vs (3&4)} 2 
Linear 1 
Quadratic 1 
Densities x (1 vs 2) 2 
Linear 1 
Quadratic 1 
Densities x (3 vs 4) 2 
Linear 1 
Quadratic 1 
Densities x among 0 2 
Linear 1 
Quadratic 1 
Densities x among 1 8 
Linear 4 
Quadratic 4 
Densities x among 2 6 
Linear 3 
Quadratic 3 
Densities x among 3 8 
Linear 4 
Quadratic 4 




No. ear Plant Ear 
Yield per plarit^  height height 
142.7* 0.23 7.50 4.24 
231.0 0.26 0.44 0.72 
59.5. 0.51 0.88 0.22 
402.4 0.00 0.00 1.23 
3.7 0.09 8.65 1.34 
2.2 0.16 10.24 2.56 
5.3 0.01 7.05 0.12 
59.2 0.30 1.49 1.08 
99.4 0.35 1.79 0.05 
19.1 0.25 1.19 2.10 
107.9 0.24 1.08 1.41 
104.1 0.39 1.20 0.46 
111.6 0.08 0.95 2.28 
142.8 0.08 2.81 8.83 
282.2 0.16 0.01 4.00 
3.4 0.00 5.60 13.65 
124.6 0.13 7.37 4.85 
120.0 0.18 10.43 6.24 
129.2 0.08 4.30 3.46 
180.0 0.34 4.28 2.82 
16.2^  0.36 5.54 0.27 
343.4 0.30 3.02 5.37 
124.6 0.20 14.11 4.79 
84.4 0.23 12.45 5.93 
172.6 0.16 15.76 3.65 
205.1 0.40 9.76 6.75 
210.6 0.70** 4.25 1.21 


























Table 59 (Continued) 
Source of variations Degrees of freedom 
Yield 
Densities x (among checks) 4 56.1 
Densities x {(M14&C103)vs (Ml4xC103)} 2 65.0 
Linear 1 6.8 
Quadratic 1 123.2 
Densities x (M14 vs CIO3) 2 47.2 
Linear 1 76.0 
Quadratic 1 18.8 
Error 264 91.6 
Total 344 
C.V. % 12.57 
Replications 
Densities 
Replications x densities 
Entries 
Selections vs checks 
Among selections^  
Group 0 vs (1&2&3&4) 
(1&2) vs (3&4) 
1 vs 2 


















































































































0.00 1.50 2.11 1255.7 
0.53 1.67 43.58* 4431.6 
Table 59 (Continued) 
Source of variations Decrees of freedom 
Among 2 3 
Among 3 4 
Among 4 3 
Among checks 2 
(M14&C1Q3) vs CM14XC103) 1 
M14 vs CIO3 I 
Densities x entries 44 
Densities x (sel vs ch) 2 
Linear 
Quadratic 
Densities x (among selections) 38 
Densities x {O vs (1&2&3&4)} 2 
Linear 
Quadratic 
Densities x {(1&2) vs (3&4)} 2 
Linear 
Quadratic 
Densities x (1 vs 2) 2 
Linear 
Quadratic 
Densities x (3 vs 4) 2 
Linear 
Quadratic 
Densities x among 0 2 
Linear 
Quadratic 




Ear Shelling Kernel 300-kernel No. seeds 
diameter® percent depth® weight per plant 




0.19*. 3.32 5093.9* 
24869.2 11.71* 
79.59* 6.33 2.92 4808.0 
6.24 
8:69** 
2.00 18.24^  ^ 1327.8 
6.41 3.84 140.94** 8288.2% 
0.48 0.63 1.18 9.82 2612.0 
0.14 0.53 0.02 10.39 1261.2 
0.17 1.06 0.04 18.88 1596.9 
0.11 0.00 0.00 1.91 925.5 
5.51 0.69** 1.46 10.35 2889.8* 
4.33 1.17 1.03 13.40 3464.1 
8.65 1.82 18.67 5094.0 
0.00 0.23 8.09 1834.1 
0.57 0.05 1.21 11.95 683.6 
1.14 0.00 2.25 23.81 618.4 
0.00 0.09 0.16 0.08 748.9 
4.46 0.08 1.71 3.81 2157.3 
8.04 0.01 2.77 7.45 4156.2 
0.87 0.15 
2.13* 
0.65 0.16 158.4 
3.78 2,19 18.87 6305.2* 
7.11 3.51** 4.18 22.27 7389.3 
0.44 0.75 0.01 15.46 5221.0 
1.85 0.21 0.54 26.91* 969.2 
3.61 0.25 0.81 30.36 734.4 
0.08 0.17 0.27 23.46 1204.0 
5.09 0.41 1.21 5.56 3059.0* 
4.87 0.58 1.05 3.72 4799.9* 
5.32 0.23 1.37 7.39 1317.9 
Table 59 (Continued) 
Source of variations Degrees of freedom 
Densities x among 2 6 
Linear 3 
Quadratic 3 
Densities x among 3 8 
Linear 4 
Quadratic 4 
Densities x among 4 6 
Linear 3 
Quadratic 3 
Densities x(among checks) 4 
Densities x {(M14&C103)vs(M14xC103)}2 
Linear 1 
Quadratic 1 





C . V .  %  
Replications 4 
Densities 2 
Replications x densities 8 
Entries 22 







































































































































Table 59 (Continued) 
Source of variations Degrees of freedom 
Among selections^  19 
Group 0 vs (1&2&3&4) 
(1&2) vs C3&4) 
1 vs 2 






Among checks 2 
(M14&C103) vs (M14xC103) 
M14 vs CIO3 
Densities x entries 44 
Densities x (sel vs ch) 2 
Linear 
Quadratic 
Densities x Caraong selections) 38 
Densities x {O vs (1&2&3&4)} 
Linear 
Quadratic 
Densities x {(1&2) vs (3&4)} 
Linear 
Quadratic 
Densities x (1 vs 2) 
Linear 
Quadratic 



























































































Table 59 (Continued) 
Source of variations Degrees of freedom Mean squares 
Date Date (Silking date-
silkine shedding shedding date) +10 
Densities x among 0 2 0.49 
s~ 
0.14 
Linear 1 0.81 0.16 
Quadratic 1 0.16 0.00 0.12 
Densities x among 1 8 0.11 0.06 0.22 
Linear 4 0.03 0.06 0.17 
Quadratic 4 0.19 0.06 0,26 
Densities x among 2 6 0.10 0.06 0.04 
Linear 3 0.13 0.07 0.06 
Quadratic 3 0.08 0.05 0.03 
Densities x among 3 8 0.20 0.14 0.29 
Linear 4 0.25 0.11 0.47 
Quadratic 4 0.15 0.17 0.11 
Densities x among 4 6 0.66 0.12 0.38 
Linear 3 0.93 0.20 0.30 
Quadratic 3 0.40 0.04 0.46 
Densities x (among checks) 4 0.13 0.08 0.34 
Densities x {M14&C10 3)vs(MlAxClO 3)} 2 0.02 0.02 0.04 
Linear 1 0.03 0.01 0.08 
Quadratic 1 0.01 0.02 0.00 
Densities x (M14 vs CIO3) 2 0.25 0.14 0.65. 
Linear 1 0.49 0.16 1.21* 
Quadratic 1 0.00 0.12 0.08 
Error 264 0.33 0.15 0.25 
Total 344 
C . V .  %  4.03 2.82 10.35 
Table 60. Analyses of variance for 10 plant and ear characters in testcrosses of 20 selected 
inbred lines and three checks evaluated at Kanawha, 1968 
Source of variations Degrees of freedom Mean squares 
No. ear Plant Ear Ear 











Replications x densities 8 119.5 0.05 69.94 39.87 0.34 
Entries 22 605.1** 109.31** 122.47** 
56.91** 
4'98%I 
10.88 * Selections vs checks 1 2763.4* 2.51 
Among selections^  19 258.9** 0.11 82.41** 122.15** 
170.92** 7'98*I 
15.49 
Group 0 vs (1&2&3&4) 1 64.6 0.07 2.14 
(1&2) vs (3&4) 1 53.6 0.00 22-95** 
119.10 
15-79** 























Among 4 3 
Among checks 2 
(M14&C103) vs (M14 x 
M14 vs CIO3 






Densities x entries 44 0.07 7.80 4.47 0.27 
Densities x (sel vs ch) 2 155.7 0.07 1.55 3.21 0.36 
Linear 1 164.0* 0.00 2.41 0.39 0.45 
Quadratic 1 147.4 0.14 0.69 6.02 0.26 
O^bserved values were multiplied by 10^ . 
O^rthogonal comparisons based on breeding groups. 
Table 60 (Continued) 
Source of variations Degrees of freedom 
Densities x (among selections) 38 
Densities x {O vs (1&2&3&4)} 2 
Linear 1 
Quadratic 1 
Densities x {(1&2) vs (3&4)} 2 
Linear 1 
Quadratic 1 
Densities x (1 vs 2) 2 
Linear 1 
Quadratic 1 
Densities x (3 vs 4) 2 
Linear 1 
Quadratic 1 
Densities x among 0 2 
Linear 1 
Quadratic 1 
Densities x among 1 8 
Linear 4 
Quadratic 4 
Densities x among 2 6 
Linear 3 
Quadratic 3 
Densities x among 3 8 
Linear 4 
Quadratic 4 
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Table 60 (Continued) 
Source of variations Degrees of freedom 
Densities x (among checks) 4 
Densities x{(M14&C103)vs(Ml4xC103)} 2 
Linear 1 
Quadratic 1 





C . V .  %  
Replications 4 
Densities 2 
Replications x densities 8 
Entries 22 
Selections vs checks 1 
Among selections^  19 
Group 0 vs (1&2&3&4) 1 
(1&2) vs (36.4) 1 
1 vs 2 1 
3 vs 4 1 
Among 0 1 
Among 1 4 
Mean squares 
No. ear Plant Ear Ear 
Yield per plant* height heifiht length 
58.0 0.06 2.17 3.43 0.34 
24.1 0.03 2.66 4.85 0.06 
41.8 0.00 0.03 0.08 0.06 
6.4 0.05 5.29 9.61 0.05 
91.7 0.09 1.60 2.00 0.62 
25.0 0.01 2.25 3.61 0.59 
158.4 0.16 0.96 0.40 0.64 
35.8 0.05 7.17 4.23 0.32 
7.61 5.10 2.62 4.56 7.25 
Ear Shelling Kernel 300-kernel No. seeds 
































































A *  
A *  





















Table 60 (Continued) 
Source of variations Degrees of freedom 
Among 2 3 
Among 3 4 
Among 4 3 
Among checks 2 
(M14&C103) vs (M14xC103) 1 
M14 vs G103 1 
Densities x entries • 44 
Densities x (sel vs ch) 2 
Linear 1 
Quadratic 1 
Densities x (among selections) 38 
Densities x {O vs (1&2&3&4)} 2 
Linear 1 
Quadratic 1 
Densities x {(1&2) vs (3&4)} 2 
Linear 1 
Quadratic 1 
Densities x (1 vs 2) 2 
Linear 1 
Quadratic 1 
Densities x (3 vs 4) 2 
Linear 1. 
Quadratic 1 
Densities x among 0 2 
Linear 1 
Quadratic 1 




Ear Shelling Kernel 300-kernel No. seeds 
diameter^  percent depth* weight per plant 
- _** ** "ifh 10,38** . ». 39.28** 
11.43_ 1.40 4.87 101.15 7066.1 
9.48"" 5.67** 6.23* 54.29 13173.4* 
62.10** 13.19* 12.84** 67.44** 61532.1 * 
1.39.. 2.46** 0.04.^  11.75 1909.6^ . 
121.50 * 23.92 25.63 123.13** 
** 
121154.5 
1.45 0.52* 0.69 4.82 969.0* 
3.69 1.25 1.35 3.43 2125.7 
0.05* 1.22 0.19. 0.29 835.3 
7.33 1.27 2.50 6.55 3416.1 
1.19 0.30 0.59 5.11 967.7 
0.39 0.43 0.13 3.86 1054.6 
0.00 0.85 0.09 5.06 1790.2 
0.77 0.00 0.17 2.64 318.8 
0.41 0.18 1.20 11.91* 1023.5 
0.28 0.02 0.32 22.44 1992.1 
0.53 0.33 2.08 1.37 54.9 
0.14 0.22 0.08 0,53 156.2 
0.00 0.43 0.10 0.00 111.8 
0.27 0.00 0.05 1.06 200.6 
2.51 0.07 1.30 0.40 387.5 
0.80 0.03 2.53 0.78 391.5 
4.21 0.11 0.06 0.02 283.6 
0.29 0.46 0.08 0.28 3.9 
0.36 0.50 0.04 0.44 7.3 
0.21 0.41 0.12 0.13 
1.04 0.61 0.40 4.53 1669.1* 
1.39 0.13. 0.17 6.07 1474.1 
0.70 1.09 0.62 2.98 1864.0* 
Table 60 (Continued) 
Source of variations Degrees of freedom Mean squares 
Ear 
diameter" 
Shelling Kernel 300-kernel No. seeds 
percent depth^  weight per plant 
Densities x among 2 
Linear 
Quadratic 
Densities x among 3 
Linear 
Quadratic 
Densities x among 4 
Linear 
Quadratic 
Densities x (among checks) 4 
Densities x {(M14&C103)vs(M14xC103)} 
Linear 
Quadratic 













































































































Table 61. Analyses of variance for 13 plant and ear characters in testcrosses of 20 selected 
inbred lines and three checks evaluated at Ames, 1968 
Source of variations Degrees of freedom Mean squares 
No. ear 
Yield per plant^  
Replications 4 
Densities 2 
Replications x densities 8 
Entries 22 
Selections vs checks 1 
Among selections^  19 
Group 0 vs (1&2&3&4) 
(1&2) vs (3&4) 
1 vs 2 






Among checks 2 
(M14&C103) vs (M14 x CIO3) 
M14 vs CIO3 
Densities x entries 44 




















































































































































a 2 Observed values were multiplied by 10 . 
O^rthogonal comparisons based on breeding groups. 
Table 61 (Continued) 
Source of variations Degrees of freedom 
Densities x (among selections) 38 
Densities x {O vs (1&2&3&4)} 2 
Linear 1 
Quadratic 1 
Densities x {(1&2) vs (3&4)} 2 
Linear 1 
Quadratic 1 
Densities x (1 vs 2) 2 
Linear 1 
Quadratic 1 
Densities x (3 vs 4) 2 
Linear 1 
Quadratic 1 
Densities x among 0 2 
Linear 1 
Quadratic 1 
Densities x among 1 8 
Linear 4 
Quadratic 4 
Densities x among 2 6 
Linear 3 
Quadratic 3 
Densities x among 3 8 
Linear 4 
Quadratic 4 




No. ear Plant Ear Ear 
Yield per plant^  height height length 
50.6 0.06. 11.41 6.10 0.27 
13.1 0.21* 13.79 1.71 0.15 
3.8 0.34 6.29 0.35 0.25 
22.5 0.08 21.28 3.07 0.04 
21.5 0.03 2.57 0.38 0.14 
18.5 0.02 5.14 0.75 0.02 
24.5 0.04 0.00 0.00 0.26 
14.5 0.04 5.50 3.18 0.22 
28.7 0.01 6.19 5.78 0.00 
0.3 0.07 4.80 0.59 0.44 
4.2 0.00 10.24 7.38 0.05 
0.0 0.00 6.56 2.09 0.00 
8.4 0.00 13.92 12.68 0.09 
13.0 0.09 35.45% 0.82 0.45 
2.5 0.09 46.24 0.00 0.45 
23.5 0.08 24.65 1.61 0.44 
54.5 0.11 7.63 6.40 0.59* 
56.6 0.15 7.31 3.38 0.95 
52.4 0.08 7.94 9.41 0.23 
27.9 0.03 7.54 1.09 0.18 
18.7 0.04 5.44 0.17 0.18 
37.1 0.02 9.64 2.01 0.17 
111.4** 
204.9 
0.02 13.93 8.66 0.25 
0.02 15.59 6.75 0.10 
17.9 0.03 12.28 10.57 0.40 
49.0 0.02 13.48 13.08 0.14 
79.2 0.02 21.90 23.75* 0.12 
78.8 0.01 5.06 2.40 0.15 
Table 61 (Continued) 
Source of variations Degrees of freedom 
Yield 
Densities x (among checks) 4 





























Replications x densities 
Entries 
Selections vs checks 
Among selections^  
Group 0 vs (1&2&3&4) 
(1&2) vs (3&4) 
1 vs 2 













































































Kernel 300-kernel No. seeds 
























































Table 61 (Continued) 
Source of variations Degrees of freedom 
Among 2 3 
Among 3 4 
Among 4 3 
Among checks 2 
(M14&C103) vs (M14xC103) 
M14 VS CIO3 
Densities x entries 44 
Densities x (sel vs ch) , 2 
Linear 
Quadratic 
Densities x (among selections) 38 
Densities x {O vs (1&2&3&4)} 2 
Linear 
Quadratic 
Densities x {(1&2) vs (3&4)} 2 
Linear 
Quadratic 
Densities x (1 vs 2) 2 
Linear 
Quadratic 
Densities x (3 vs 4) 2 
Linear 
Quadratic 
Densities x among 0 2 
Linear 
Quadratic 




Ear Shelling Kernel 300-kernel No. seeds 





























































































Table 61 (Continued) 
Source of variations Degrees of freedom 
Densities x among 2 6 
Linear 3 
Quadratic 3 
Densities x among 3 8 
Linear 4 
Quadratic 4 
Densities x among 4 6 
Linear 3 
Quadratic 3 
Densities x (among checks) 4 
Densities x{(M14&C103)vs(Ml4xC103)} 2 
Linear 1 
Quadratic 1 





C . V .  %  
Replications 4 
Densities 2 
Replications x densities 8 
Entries 
























Kernel 300-kernel No. seeds 




































































1.13 0.32 0.49 6.53 648.0 




















sheddlng date) +10 
0.59 
13.25 




Table 61 (Continued) 
Source of variations Degrees of freedom 
Date 
silking 
Among selections 19 
Group 0 vs (1&2&3&4) 
(1&2) vs (3&4) 
1 vs 2 






Among checks 2 
(M14&C103) vs (M14xC103) 
M14 vs CIO3 
Densities x entries 44 
Densities x (sel vs ch) 2 
Linear 
Quadratic 
Densities x (among selections) 38 
Densities x {O vs (1&2&3&4)} 
Linear 
Quadratic 
Densities x {(1&2) vs (3&4)} 
Lf.near 
Quadratic 
Densities x (1 vs 2) 
Linear 
Quadratic 




































































Table 61 (Continued) 
Source of variations Degrees of freedom Mean squares 
Densities x among 0 
Linear 
Quadratic 
Densities x among 1 
Linear 
Quadratic 
Densities x among 2 
Line;"*: 
Quad atlc 
Densities x among 3 
Linear 
Quadratic 
Densities x among 4 
Linear 
Quadratic 








































































































0 .26  
10.21 
Table 62. Analyses of variance for 10 plant and ear characters in testcrosses of 20 selected 
inbred lines and three checks evaluated at Ankeny, 1968 
Sources of variation Degrees of freedom Mean squares 
Replications 
Densities 





Selections vs checks 
Among selections^  
Group 0 vs (1&2&3&4) 
(1&2) vs (3&4) 
1 vs 2 







(M14&C103) vs CM14 X CIO3) 
M14 vs CIO3 
Densities x entries 44 











































































































































































O^bserved values were multiplied by 10^ . 
O^rthogonal comparisons based on breeding groups. 
Table 62 (Continued) 
Source of variations Degrees of freedom 
Yield 
Densities x (among selections) 38 49.6 
Densities x {O vs (1&2&3&4)} 2 134.5* 
Linear 1 266.3 
Quadratic 1 2.7 
Densities x {(1&2) vs (3&4)} 2 35.2 
Linear 1 24.7 
Quadratic 1 45.6 
Densities x (1 vs 2) 2 105.3 
Linear 1 10.5 
Quadratic 1 200.6 
Densities x (3 vs 4) 2 0.4 
Linear 1 0.2 
Quadratic 1 0.5 
Densities x among 0 2 15.5 
Linear 1 0.8 
Quadratic 1 30.1 
Densities x among 1 8 48.2 
Linear 4 25.5 
Quadratic 4 70.9 
Densities x among 2 6 55.8 
Linear 3 13.7 
Quadratic 3 98.0 
Densities x among 3 8 37.4 
Linear 4 36.3 
Quadratic 4 38.5 
Densities x among 4 6 46.9 
Linear 3 81.0 
Quadratic 3 12.7 
Mean squares 































































Table 62 (Continued) 
Source of variations Degrees of freedom 
Densities x (among checks) 4 
Densities x {(M14&C103)vs(M14xC103)} 2 
Linear 1 
Quadratic 1 





C . V .  %  
Replications 4 
Densities 2 
Replications x densities 8 
Entries 22 
Selections vs checks 1 
Among selections^  19 
Group 0 vs (1&2&3&4) 
(1&2) vs C3&4) 
1 vs 2 




No. ear Plant 































22.33 12.71 0.37 
4.68 7.78 8.15 
Kernel 300-kemel No. seeds 
depth* weight per plant 
3.23.. 131.24* 1234.5 
68.80 675.51 486137.2 
1.74 9.15 3903.3 
6.15** 115.39** 6261.6** 
0.28 163.80** 16759.0** 
6.95** 110.57** 6266.7 
6.36** 2.16 1.4.. 
10.31 25.16.. 8462.5 
0.88 102.67 17001.7 
15.40** 133.21** 333.9 
1.93 57.54* 183.7 





















Table 62 (Continued) 
Source of variations Degrees of freedom 
Among 2 3 
Among 3 4 
Among 4 3 
Among checks 2 
(M14&C103) vs (Ml4xC103) 
M14 vs CIO3 
Densities x entries 44 
Densities x (sel vs ch.) 2 
Linear 
Quadratic 
Densities x (among selections) 38 
Densities x {O vs (1&2&3&4)} 2 
Linear 
Quadratic 
Densities x {(1&2) vs (3&4)} 2 
Linear 
Quadratic 
Densities x (1 vs 2) 2 
Linear 
Quadratic 
Densities x (3 vs 4) 2 
Linear 
Quadratic 
Densities x among 0 2 
Linear 
Quadratic 




Ear Shelling Kernel 300-kernel No. seeds 
diameter^  percent depth^  weight per plant 
15.33** 5.30** 11.98** 163.45** 5769.K** 
8.20** 1.15** 2.62** 76.06** 3926.1** 
40.00 6.37.. 13.42 119.23 16105.6 
7.24 3.72 1.22 136.92** 964.5 
0.98 0.05 0.50 12.73 614.8 
13.50 7.39 1.93 261.10** 1314.2. 
3.52 0.49 0.72 13.96 1530.0 
4.55 0.20 0.30 10.60 659.2 
9.00 0.05 0.03 18.06 1207.0 
0.09 0.34 0.56 3.13 111.5 
3.64 0.52 0.73 15.27 1368.1 
3.35 0.77 0.65 0.78 2378.9** 
6.62 1.26 1.27 1.36 4749.5 
0.08 0.27 0.02 0.19 8.3 
2.85 0.42 0.48 2.25 186.4 
4.84 0.04 0.87 0.58 24.3 
0.85 0,80 0.09 3.93 348.5* 
4.42 0.64 0.62 16.83 2928.9 
6.29 0.90 0.11 31.38 2125.8 
2.54 0.33 1.13 2.28 3731.9 
1.56 0.49 0.46 11.22 1095.0 
2.95 0.73 0.90 14.11 1280.7 
0.17 0.24 0.01 8.32 909.3 
0.19 0.14 0.01 12.85 443.6 
0.16 0.10 0.01 23.62 795.2 
0.21 0.16 0.00 2.08 91.8^  
2.22 0.22 0.63 2.00 1859.6" 
1.34 0.29 0.70 27.84 2115.5* 
3.10 0.14 0.55 12.01 1603.7 
Table 62 (Continued) 
Source of variations Degrees of freedom Mean squares 
Densities x among 2 
Linear 
Quadratic 
Densities x among 3 
Linear 
Quadratic 
Densities x among 4 
Linear 
Quadratic 
Densities x (among checks) 4 
Densities x {(M14&C103)vs(Ml4xCl03)} 
Linear 
Quadratic 




























































































































Table 63. Average plant height for 20 selected inbred lines and three 
checks in testcross performance, data summarized for three 
population levels over six environments 
Entry no. 
Plant height Ccm) 
Low^  Med High 
Regression coefficients^  
Means R, 
HP group 
01 213 213 216 
02 208 212 218 
03 211 211 213 
04 212 213 211 
05 208 212 215 
06 217 219 219 
07 216 215 218 
08 208 209 212 
09 201 202 203 
10 221 225 223 



































11 214 213 208 212 -3.10 -0.52 
12 210 207 212 210 1.10 1.29 
13 208 212 212 211 2.33 -0.69 
14 218 220 215 218 -1.54 -1.14 
15 209 214 215 213 3.32 -0.60 
16 208 210 208 209 0.52 -0.52 
17 209 209 210 209 0.77 0.27 
18 214 217 215 215 0.69 -0.69 
19 211 213 216 213 2.33 0.08 
20 215 218 222 218 3.72 0.12 
X  211 213 214 213 1.02 -0.24 
Checks 
21 201 205 204 203 1.25 -0.67 
22 225 223 225 224 0.25 0.55 
23 214 216 216 215 0.87 -0.37 
R^egression coefficients were calculated using more decimal places 
than given for the mean values presented for this table. 
P^lant densities. 
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Table 64. Average ear height for 20 selected inbred lines and three 
checks in testcross performance, data summarized for three 
population levels over six environments 
Ear height (cm) Regression coefficients^  
Entry no. Low^  Med High Means R^  
HP group 
01 91 92 96 93 2.50 0.39 
02 90 89 94 91 2.00 1.03 
03 92 91 95 93 1.35 0.64 
04 90 92 94 92 1.80 0.11 
05 90 91 93 92 1.80 0.03 
06 101 99 102 101 0.52 0.63 
07 96 96 101 98 2.25 0.93 
08 96 97 99 98 1.50 0.17 
09 86 87 90 88 1.99 0.36 
10 100 100 101 100 0.73 0.08 
X  93 93 96 94 1.65 0.44 
group 
11 91 91 93 92 1.00 0.31 
12 92 93 95 94 1.57 0.21 
13 91 90 93 92 0.87 0.60 
14 100 101 101 101 0.28 -0.16 
15 94 96 100 97 2.94 0.21 
16 87 88 88 88 0.44 -0.17 
17 91 94 96 93 2.53 -0.09 
18 99 100 102 100 1.52 0.19 
19 93 96 95 95 0.77 -0.72 
20 95 97 101 98 2.82 0.47 
X  93 95 96 95 1.48 0.09 
Checks 
21 86 88 92 88 2.97 0.11 
22 98 98 102 99 2.03 0.84 
23 94 95 97 95 1.60 -0.02 
R^egression coefficients were calculated using more decimal places 
than given for the mean values presented for this table. 
P^lant densities. 
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Table 65. Average number of ears per plant for 20 selected inbred 
lines and three checks in testcross performance, data 
summarized for three population levels over six environments 
No. ears/plant Regression coefficients^  
Entry no. Low^  Med High Means R» R X. q 
HP group 
01 0.99 0.97 0.95 0.97 -0.020 0.000 
02 1.01 1.00 0.97 0.99 -0.020 -0.003 
03 0.99 0.97 0.95 0.97 -0.020 0.000 
04 0.99 0.98 0.94 0.97 -0.025 -0.005 
05 1.00 0.99 0.96 0.98 -0.020 -0.003 
06 0.98 0.96 0.91 0.95 -0.035 -0.005 
07 0.99 0.98 0.98 0.98 -0.005 -0.002 
08 1.00 0.99 0.95 0.98 -0.025 -0.005 
09 0.99 0.99 0.96 0.98 -0.015 -0.005 
10 0.99 1.00 0.99 0.99 0.000 -0.003 
x 0.99 0.98 0.96 0.98 -0.915 -0.002 
group 
11 0.96 0.97 0.90 0.94 -0.030 -0.013 
12 0.98 0.99 0.92 0.96 -0.030 -0.013 
13 0.99 0.96 0.88 0.94 -0.055 -0.008 
14 0.98 0.97 0.91 0.95 -0.035 -0.008 
15 0.96 0.97 0.90 0.94 -0.030 -0.013 
16 0.96 0.92 0.73 0.87 -0.115 -0.025 
17 0.98 0.99 0.90 0.96 -0.040 -0.017 
18 0.98 0.96 0.91 0.95 -0.035 -0.005 
19 0.98 0.97 0.90 0.95 -0.040 -0.010 
20 0.96 0.97 0.89 0.94 -0.035 -0.015 
X 0.97 0.96 0.88 0.94 -0.045 -0.012 
tcks 
21 0.98 0.98 0.93 0.96 -0.025 -0.008 
22 0.92 0.94 0.85 0.90 -0.035 -0.018 
23 0.96 0.95 0.89 0.93 -0.035 -0.008 
R^egression coefficients were calculated using more decimal places 




Table 66. Average ear length for 20 selected Inbred lines and three 
checks in testcross performance,.data summarized for three 
population levels over six environments 
Eag length (mm) Regression coefficients^  
Entry no. Low Med High Mean R. R 
X, q 
HP group 
01 183 177 150 170 -16.6 -3.6 
02 189 177 152 172 -18.4 -2.1 
03 195 181 154 176 -20.6 -2.2 
04 196 182 151 176 -22.4 -2.8 
05 197 180 154 177 -21.6 -1.6 
06 191 177 151 173 -19.9 -1.9 
07 203 187 162 184 -20.2 -1.6 
08 206 194 166 189 -19.9 -2.6 
09 198 182 155 178 -21.6 -2.1 
10 196 181 164 180 -15.8 -0.3 
X  195 182 156 178 -19.7 -2.1 
group 
11 195 182 150 175 -22.5 -3.1 
12 182 . 169 131 161 -25.6 -4.4 
13 194 170 140 . 168 -27.2 -1.1 
14 208 197 163 189 -22.6 -4.0 
15 174 163 134 157 -20.0 -2.9 
16 203 186 127 172 -37.8 —6.8 
17 209 194 156 186 -26.4 -3.7 
18 200 182 151 178 -24.6 -2.1 
19 216 200 165 194 -25.7 -3.1 
20 193 181 145 173 -24.4 -4.2 
X  197 182 146 175 -25.7 -3.5 
icks 
21 190 173 143 169 -23.7 -2.2 
22 178 175 145 166 -16.5 -4.7 
23 192 171 143 169 -24.5 -1.1 
R^egression coefficients were calculated using more decimal places 
than given for the.mean values presented for this table. 
P^lant densities. 
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Table 67. Average ear diameter for 20 selected inbred lines and three 
checks in testcross performance, data summarized for three 
population levels over six environments 
Ear diameter (mm) Regression coefficients^  
Entry no. Loii^  Med High. Mean R. R 
X, q 
HP group 
01 51 49 44 48 -3.2 —0.6 
02 51 50 46 49 -2.7 -0.3 
03 50 49 44 48 -3.0 -0.4 
04 50 49 43 47 -3.6 —0.8 
05 50 47 43 48 -3.3 -0.2 
06 49 46 41 47 -3.9 -0.3 
07 50 48 45 47 -2.4 -0.1 
08 50 47 43 47 -3.2 -0.2 
09 49 47 43 46 -3.0 -0.4 
10 51 49 46 49 —2.6 -0.5 
X  50 .48 44 47 -3.1 -0.4 
group 
11 48 46 40 . 44 -3.7 —0.6 
12 51 50 43 46 -3.9 -0.9 
13 49 . 46 41 45 -4.2 -0.4 
14 48 47 42 46 -3.4 -0.7 
15 50 49 44 47 -3.8 —0.6 
16 47 44 32 41 -7.6 -1.5 
17 47 46 39 44 -4.1 -1.0 
18 49 46 41 45 -3.9 -0.5 
19 48 45 40 44 -4.0 -0.5 
20 47 47 39 45 -4.1 -1.2 
X  48 46 40 45 -4.2 —0.8 
tcks 
21 50 48 43 47 -3.4 —0.6 
22 45 44 38 42 -3.7 -1.0 
23 49 46 40 45 -4.2 -0.5 
R^egression coefficients were calculated using more decimal places 
than given for the mean values presented for this table. 
P^lant densities. 
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Table 68. Average kernel depth for 20 selected inbred lines and three 
checks in testcross performance, data summarized for three 
population levels over six environments 
Kernel depth (mm) Regression coefficients^  
Entry no. Low^  Med High Mean R. R 
X, q 
group 
01 20 20 18 19 -1.4 -0.3 
02 20 19 18 19 -1.1 0.0 
03 20 18 17 18 -1.3 0.0 
04 20 19 16 18 -1.8 -0.2 
05 19 18 16 18 -1.5 0.0 
06 21 19 17 19 -1.9 -0.1 
07 20 20 18 19 -1.3 -0.2 
08 19 17 16 17 —1.6 0.0 
09 20 19 17 19 -1.3 -0.1 
10 21 20 18 20 -1.2 -0.3 
X  20 19 17 19 -1.4 -0.1 
group 
11 19 18 16 17 —1.6 -0.2 
12 21 21 18 20 -1.7 -0.4 
13 19 17 15 17 -1.6 -0.1 
14 19 18 16 18 -1.4 -0.3 
15 21 20 18 19 -1.4 -0.2 
16 18 17 12 16 -3.2 —0.6 
17 17 17 15 16 -1.5 -0.4 
18 19 19 16 ' 18 -1.7 -0.3 
19 18 17 15 17 -1.1 -0.3 
20 19 19 16 18 -1.7 -0.5 
X  19 18 16 18 -1.7 -0.3 
icks 
21 20 19 17 19 -1.5 -0.3 
22 17 17 14 16 —1.6 -0.5 
23 19 18 16 18 -1.5 -0.3 
R^egression coefficients were calculated using more decimal places 
than given for the mean values presented for this table. 
P^lant densities. 
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Table 69. Average shelling percentage for 20 selected inbred lines and 
three checks in testcross performance, data summarized for 
three population levels over six environments 
Shelling percent Regression coefficients^  
Entry no. Low^  Med High Mean R R 
£ q 
HP group 
01 82.6 82.6 82.7 82.6 0.06 0.03 
02 81.4 82.4 82.7 82.2 0.67 -0.12 
03 82.8 82.9 82.6 82.8 -0.13 -0.07 
04 82.8 83.4 82.6 82.9 -0.13 -0.21 
05 82.7 82.6 82.4 82.6 -0.18 0.01 
06 82.8 83.0 82.5 82.8 -0.13 -0.11 
07 83.7 83.7 83.5 83.7 -0.11 -0.04 
08 80.8 81.1 80.8 80.9 -0.01 -0.10 
09 82.8 82.6 82.5 82.7 -0.16 0.01 
10 81.8 82.1 82.5 82.2 0.43 0.05 
X 82.4 82.6 82.5 82.5 0.04 -0.06 
group 
11 82.4 82.1 81.6 82.0 -0.42 -0.04 
12 82.5 82.7 82.1 82.5 -0.21 -0.13 
13 79.6 79.8 79.5 79.6 -0.05 -0.09 
14 81.9 82.6 82.0 82.2 0.08 -0.22 
15 81.6 81.6 81.2 81.5 -0.23 -0.07 
16 81.7 81.8 79.6 81.0 -1.05 -0.38 
17 81.2 81.6 81.5 81.5 0.15 -0.07 
18 82.4 82.5 81.7 82.2 -0.33 -0.16 
19 81.8 81.1 81.4 81.4 -0.21 0.17 
20 81.8 81.5 81.4 81.4 -0.18 0.05 
X 81.7 81.7 81.2 81.5 -0.25 -0.10 
icks 
21 83.0 83.1 82.9 83.0 -0.06 —0.06 
22 80.1 80.1 79.8 80.0 -0.20 -0.05 
23 81.7 81.9 81.7 81.8 0.01 -0.05 
R^egression coefficients were calculated using more decimal places 
than given for the mean values presented.for this table. 
P^lant densities. 
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Table 70. Average 300-kernel weight for 20 selected inbred lines and 
three checks in testcross performance, data summarized for 
three population levels over six environments 
300-keimel weight (g) Regression coefficients^  
Entry no. Low* Med High Mean R q 
HP group 
01 91.5 87.6 78.1 85.7 -6.72 -0.95 
02 90.4 84.7 78.4 84.5 —6.01 -0.10 
03 82.5 79.0 70.7 77.4 -5.93 —0.80 
04 80.0 75.0 67.9 74.3 -6.04 -0.43 
05 78.9 70.6 65.9 71.8 —6.48 0.61 
06 68.6 83.0 73.6 81.1 -6.51 -0.96 
07 81.3 77.4 71.0 76.6 -5.18 -0.41 
08 80.6 74.0 63.7 72.8 -8.42 -0.64 
09 82.5 76.3 71.3 76.7 -5.59 0.19 
10 96.5 87.8 77.4 87.2 -9.53 -0.28 
X  85.1 79.1 71.5 78.8 . -6.79 -0.28 
LP group 
11 80.1 73.7 68.0 74.0 -6.05 0.11 
12 88.7 86.3 83.6 86.2 -2.59 -0.05 
13 84.9 80,9 74.3 80.1 -5.28 -0.44 
14 89.1 81.4 74.0 81.5 -7.53 0.05 
15 77.4 74.8 68.2 73.5 -4.59 —0.68 
16 85.8 81.7 74.8 80.8 -5.54 -0.47 
17 86.4 80.3 72.3 79.7 -7.08 -0.30 
18 85.9 80.1 71.8 79.3 -7.06 -0.42 
19 90.5 82.3 73.8 82.2 -8.35 -0.07 
20 91.4 88.7 82.9 87.6 -4.25 -0.53 
X  86.0 81.0 74.4 80.5 -5.83 -0.28 
Checks 
21 81.9 77.8 72.1 77.3 -4.92 -0.27 
22 92.1 86.1 79.9 85.4 -5.09 -0.38 
23 85.2 80.6 75.8 80.5 -4.71 -0.05 
R^egression coefficients were calculated using more decimal places 
than given for the.mean values presented.for this table. 
P^lant densities. 
255 
Table 71. Average no. seeds per plant for 20 selected inbred lines and 
three checks in testcross performance, data summarized for 
three population levels over six environments 
No. seeds per plant Regression coefficients^  
Entry no. Low'' Ked High Mean 
HP group 
01 697 650 512 620 -92.5 -15.4 
02 681 639 522 614 
-79.3 -12.6 
03 781 705 565 683 -108.2 -10.6 
04 818 752 582 717 -118.2 -17.2 
05 801 724 562 696 -119.5 -14.0 
06 739 657 542 646 -98.5 -5.4 
07 814 722 608 715 -103.2 -3.6 
08 793 738 602 711 
-95.2 -13.6 
09 748 608 629 652 -109.7 
10 674 650 588 638 -43.0 -6.4 
X  755 692 561 669 -96.7 -11.3 
LP group 
11 779 726 550 685 -114.5 -20.2 
12 716 644 427 596 -144.6 -24.0 
13 735 640 489 621 -122.9 -9.4 
14 716 689 545 650 -85.8 -19.5 
15 783 686 532 667 -125.5 -9.2 
16 699 597 384 560 -157.3 -18.5 
17 719 653 488 620 -115.6 -16.7 
18 737 685 514 645 -111.5 -20.0 
19 745 660 526 644 -109.9 -8.3 
20 682 602 447 577 -117.9 -12.8 
X  731 658 490 627 -120.5 -15.9 
Checks 
21 763 686 513 654 -124.9 -15.9 
22 604 572 429 535 -87.5 -18.6 
23 727 623 473 608 -127.2 -7.6 
R^egression coefficients were calculated using more decimal places 
than given for the mean values presented.for this table. 
P^lant densities. 
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Table 72. Average silking date for 20 selected inbred lines and three 
checks in testcross performance,.data summarized for three 
population levels over six environments 
Silking date& Regression coefficients^  
Entry no. Low" Med High Mean R 
q 
HP group 
01 26.9 27.5 28.8 27.7 0.94 0.13 
02 26.7 26.6 27.4 26.9 0.34 0.16 
03 28.0 28.4 29.6 28.7 0.80 0.13 
04 27.7 28.3 29.4 28.5 0.84 0.10 
05 26.9 27.1 28.8 27.6 0.94 0.27 
06 28.1 27.9 29.9 28.6 0.87 0.36 
07 28.0 28.2 28.7 28.3 0.34 0.05 
08 28.2 28.3 29.7 28.7 0.74 0.20 
09 25.9 26.1 27.7 26.6 0.90 0.23 
10 27.9 27.6 28.5 28.0 0.33 0.20 
X  27.5 27.6 28.9 28.0 0.70 0.18 
LP group 
11 28.1 28.3 29.5 28.6 0.67 0.18 
12 27.5 27.5 28.9 28.0 0.67 0.24 
13 27.3 27.9 29.8 28.3 1.24 0.23 
14 28.5 28,3 29.8 28.9 0.64 0.28 
15 28.7 29.1 29.7 29.2 0.53 0.04 
16 27.7 28.3 30.5 28.8 1.40 0.29 
17 28.5 28.7 29.9 29.1 0.70 0.17 
18 27.7 28.7 30.2 28.9 1.24 0.08 
19 27.4 27.9 29.5 28.2 1.04 0.19 
20 27.3 27.6 29.6 28.2 1.17 0.28 
X  27.9 28.2 29.7 28.6 0.93 0.20 
Checks 
21 26.7 26.9 27.8 27.1 0.57 0.10 
22 29.2 29.9 31.2 30.1 1.00 0,11 
23 27.9 28.1 29.5 28.5 0.80 0.18 
C^oded. 
b 
Regression coefficients were calculated using more decimal places 
than given for the mean values presented for this table. 
Gpiant densities. 
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Table 73. Average pollen shedding date for 20 selected inbred lines and 
three checks in testcross performance, data simnnarized for 
three population levels over six environments 
Shedding date&Regression coefficients^ 
Entry no. Low^  Med High Mean R R 
£ q 
HP group 
01 26.4 26.3 26.6 26.4 0.10 0.08 
02 27.0 26.5 26.2 26.6 -0.40 0.04 
03 27.6 27.7 27.6 27.6 0.00 -0.04 
04 27.6 27.2 27.8 27.5 0.10 0.17 
05 26.2 25.9 26.3 26.1 0.07 0.13 
06 27.8 26.8 27.7 27.4 -0.04 0.32 
07 27.1 26.7 26.6 26.8 -0.24 0.06 
08 27.5 27.1 27.8 27.4 0.17 0.19 
09 25.4 25.3 26.1 25.6 0.37 0.15 
10 27.3 27.4 27.7 27.4 0.20 0.02 
X  27.0 26.7 27.1 26.9 0.04 0.11 
group 
11 27.7 27.3 27.4 27.4 -0.14 0.09 
12 26.5 26.0 27.1 26.5 -0.30 0.26 
13 26.2 26.7 27.0 26.6 0.40 -0.04 
14 28.5 27.7 28.3 28.2 -0.10 0.21 
15 28.0 27.5 28.1 27.8 0.04 0.19 
16 26.1 26.2 27.5 26.6 0.70 0.19 
17 27.5 27.7 27.6 27.6 0.07 -0.05 
18 27.-6 27.5 27.9 27.6 0.14 0.09 
19 26.1 26.4 26.7 26.4 0.27 0.00 
20 26.5 26.6 27.4 26.8 0.47 0.11 
X  27.1 27.0 27.5 27.2 0.22 0.11 
!cks 
21 26.5 26.7 26.8 26.7 0.14 0.00 
22 28.6 27.9 28.4 28.3 -0.10 0.21 
23 27.4 27.1 27.5 27.3 0.04 0.10 
*Coded. 
R^egression coefficients were calculated using more decimal places 
than given for the mean values presented for this table. 
P^lant densities. 
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Table 74. Average (silking date-shedding date) +10 for 20 selected 
inbred lines and three checks in testcross performance, data 
summarized for three population levels over six environments 
(Silking date-shedding date) +10 Regression coefficients® 
Entry no. Low® Med High Mean R^  
HP group 
01 10.5 11.2 12.2 11.3 0.84 0.06 
02 9.7 10.1 11.3 10.3 0.77 0.12 
03 10.4 10.7 12.0 11.1 0.80 0.18 
04 10.1 11.1 11.6 11.0 0.74 -0.09 
05 10.7 11.1 12.5 11.5 0.87 0.18 
06 10.3 11.1 12.1 11.2 0.90 0.03 
07 10.9 11.5 12.1 11.5 0.57 -0.01 
08 10.7 11.3 11.9 11.3 0.57 0.01 
09 10.5 10.8 11.7 11.0 0.60 0.11 
10 10.6 10.2 10.9 10.6 0.14 0.18 
X  10.5 10.9 11.8 11.1 0.68 0.08 
LP group 
11 10.5 11.0 12.1 11.2 0.80 0.09 
12 11.1 11.5 11.8 11.5 0.37 -0.01 
13 11.1 11.1 12.8 11.7 0.84 0.28 
14 10.1 10.6 11.5 10.7 0.73 0.07 
15 10.7 11.6 11.7 11.4 0.50 -0.14 
16 11.7 12.1 13.0 12.2 0.67 0.09 
17 11.1 11.1 12.3 11.5 0.63 0.21 
18 10.1 11.3 12.3 11.3 1.10 -0.01 
19 11.3 11.5 12.8 11.8 0.77 0.19 
20 10.8 11.0 12.2 11.4 0.70 0.17 
X 10.8 11.3 12.3 11.5 0.71 0.09 
Checks 
21 10.1 10.3 11.0 10.4 0.44 0.10 
22 10.6 12.0 12.8 11.8 1.10 -0.10 
23 10.5 11.0 12.0 11.2 0.77 0.08 
R^egression coefficients were calculated using more decimal places 
than given for the mean values presented.for.this table. 
P^lant densities. 
Table 75. Average cob length of the two top ears for 20 inbred selections and two check inbreds 
measured at 3-day intervals during 15 days preceding silk emergence, 1966 
Top cob length (cm)Second cob length (cm) 
Entry no. 0* 3 6 9 12 15 Oa 3 6 9 12 15 
1 12.7 8.0 5.6 4.3 1.9 1.1 6.3 5.0 4.0 2.7 1.2 0.9 
2 13.0 8.7 5.9 3.5 2.5 1.6 8.8 6.2 4.5 4.6 1.9 1.1 
3 13.8 10.8 6.1 4.4 2.5 1.3 8.8 7.0 3.9 2.9 1.7 1.0 
4 14.6 9.1 7.0 4.4 1.8 1.4 10.6 6.6 5.1 3.2 1.4 1.0 
5 13.9 8.9 6.0 4.0 1.8 1.7 10.2 5.0 4.8 2.8 1.5 1.2 
6 10.6 7.6 9.7 2.9 1.8 1.0 3.7 6.0 4.0 2.1 0.9 0.7 
7 14.3 9.5 6.0 3.7 1.9 0.9 11.4 6.1 4.1 3.1 1.5 0.7 
8 12.9 9.4 5.4 4.2 2.2 1.8 8.3 6.4 3.7 2.9 1.6 1.3 
9 14.9 9.3 5.8 3.7 3.1 1.7 9.1 6.0 3.2 3.3 2.0 1.2 
10 13.8 9.5 6.1 5.4 2.1 1.2 9.6 6.5 4.7 3.6 1.7 1.0 
11 13.2 10.7 6.5 4.7 2.9 1.7 7.9 4.4 3.9 2.3 1.8 1.3 
12 11.1 8.3 6.1 3.6 2.2 1.2 8.0 5.8 4.6 2.9 1.7 1.1 
13 12.2 8.0 7.1 4.8 2.5 1.7 7.6 4.6 4.9 3.3 1.7 1.2 
14 14.4 8.9 5.0 3.7 2.0 1.4 10.5 6.5 3.8 3.1 1.5 1.2 
15 15.0 7.2 7.9 5.6 3.5 1.7 7.4 5.0 5.6 2.9 2.3 1.3 
16 14.2 10.0 5.8 4.1 2.7 1.6 7.6 4.9 3.2 2.7 1.8 1.1 
17 15.5 10.9 6.1 3.6 2.5 1.4 9.9 7.6 4.7 2.9 1.8 1.1 
18 13.8 10.2 5.9 5.1 2.6 1.5 12.1 8.6 5.0 4.0 2.1 1.3 
19 18.5 12.8 7.2 3.7 2.4 1.7 9,9 6.8 4.0 2.5 2.0 1.4 
20 14.6 10.8 8.2 4.7 1.9 1.9 8.3 7 0 5.4 2.5 1.4 1.3 
21 13.4 7.8 6.3 3.4 1.4 1.1 9.3 6.7 5.0 3.1 1.7 1.1 
22 14.2 9.6 6.6 3.2 3.2 1.5 2.2 2.4 1.9 0.9 1.2 0.9 
^Days before 50 percent silking. 
Table 76. Average cob length of the two top ears for 20 inbred selections and two check inbreds 
measured at 3-day intervals during 15 days preceding silk emergence, 1967 
Entry no. Oa 
Top cob length (cm) 
12 15 
Second cob length (cm) 







































































6 . 8  
6.3 




8 . 6  
7.4 


















































































































































































2 . 2  
1.8  
2 . 6  
2 .0  
2 .0  
2.3 
























^Days before 50 percent silking. 
Table 77. Analyses of variance of log cob length with time for the two top ears during the 15 days 
preceding silking for 20 inbred lines and two checks, data obtained in 1966 and 1967 
1966 
Mean squares 
Source of variation 
1967 
Degrees of freedom Top cob* Second cob Top cob* Second cob^  
Replications 
Entries^  




Entries x dates 
Entries x dates linear 
(Selections vs checks) x 
(Among selections) x d^  ^
(HP vs LP) X dj^  
(Among HP) x d^  
(Among LP) x d% 
(Among checks) x d^  
Entries x dates remainder 
Error (b) 
Total 
4 6.1 7.8 
21 11.8 56.6** 





















440 2.6 3.6 
6.5 
15.6 

















































2 . 2  
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O^bserved values were multiplied by 10"^ , 
'orthogonal comparisons based on reasons lines were selected for the study (Table 1). 
Table 78. Analyses of variance of lob cob length with time for the two top ears during the 15 days 
preceding silking for 20 incred lines and two checks, data obtained in 1966 and 1967 
1966 
Mean squares 
Source of variation 
1967 
Degrees of freedom Top cob* Second cob^  Top cob* Second cob^  
Replications 4 
Entries^  21 




Entries x dates 105 
Entries x dates linear 
(Selections vs checks) x dn 
% 
(Among selections) x 
0 vs (1&2&3&4) X 
(1&2) vs (3&4) X 
(1 vs 2) X d^  
O vs 4) X dj^  
(Among 0) X d^  
(Among 1) X d% 
(Among 2) x dj^  
(Among 3) x dj^  
(Among 4) x 
(Among checks) x do 
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2 .6  3.6 1.6 2 . 2  
^  — 3  Observed values were multiplied by 10" . 
O^rthogonal comparisons based on breeding groups. 
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Table 79. Cob lengths for the two top ears of the inbred lines at date of 
silking and linear regression coefficients of log cob length 
during 15 days preceding silk emergence, data summarized for 
two years 
1966 1967 
First cob Second cob First cob Second cob 
Entry Length b Length b Length b Length b 
no. (cm) fcm") frm) (cm') 
1 12.7 0.070 6.3 0.060 11.4 0.064 5.9 0.055 
2 13.0 0.061 8.8 0.058 13.5 0.066 10.3 0.064 
3 13.8 0.068 8.8 0.064 13.9 0.057 9.9 0.053 
4 14.6 0.071 10.6 0.070 13.8 0.076 9.1 0.070 
5 13.9 0.065 10.2 0.061 13.3 0.065 9.1 0.061 
6 10.6 0.072 3.7 0.032 11.7 0.051 6.5 0.051 
7 14.3 0.079 11.4 0.076 15.0 0.063 11.4 0.064 
8 12.9 0.060 8.3 0.057 14.1 0.058 7.4 0.056 
9 14.9 0.060 9.1 0.055 14.5 0.057 9.2 0.C52 
10 13.8 0.070 9.6 0.065 14.2 0.063 11.5 0.063 
11 13.2 0.060 7.9 0.051 15.6 0.073 9.3 0.052 
12 11.1 0.065 8.0 0.058 11.8 0.057 7.9 0.052 
13 12.2 0.057 7.6 0.052 13.2 0.048 9.4 0.047 
14 14.4 0.068 10.5 0.064 13.7 0.057 11.0 0.059 
15 15.0 0.055 7.4 0.048 11.7 0.046 6.8 0.036 
16 14.2 0.063 7.6 0.053 15.6 0.054 7.6 0.047 
17 15.5 0.070 9.9 0.065 14.6 0.048 10.5 0.047 
18 13.8 0.063 12.1 0.065 12.3 0.056 9.6 0.057 
19 18.5 0.073 9.9 0.058 16.5 0.065 12.0 0.064 
20 14.6 0.066 8.3 0.061 14.0 0.061 8.7 0.059 
21 13.4 0.076 9.3 0.063 13.3 0.070 10.0 0.065 
22 14.2 0.063 2.2 0.030 12.7 0.053 3.4 0.032 
Table 80. Cob lengths of the two top ears for groups of lines at date of silking and regression 
coefficients of log cob length during 15 days preceding silk emergence, data summarized 
for two years 
Selection bases 
High performance group 
Low performance group 
Method of breeding 
Testcross at high and low 
Testcross at high 
Testcross at low 
Visual selection high 
Visual selection low 
Check M14 
Check C1Q3 




First cob Second cob First cob Second cob 
Length b Length b Length b Length b 
(cm) (cm) (cm) (cm) 
13.5 0.062 8,7 0.059 13.5 0.068 9.0 0.060 
14.3 0.064 8.9 0.058 13.9 0.057 9.3 0.052 
12.9 0.065 7.6 0.059 12.5 0.065 8.1 0.060 
13.7 0.066 8.5 0.055 12.8 0.061 8.5 0.057 
12.6 0.062 8.1 0.056 13.6 0.060 9.2 0.053 
15.1 0.067 9.8 0.061 14.3 0.060 10.2 0.058 
14.2 0.068 9.3 0.063 14.8 0.054 9.2 0.052 
13.4 0.076 9.3 0.063 13.3 0.070 10.0 0.065 
14.2 0.063 2.2 0.030 12.7 0.053 3.4 0.032 

















Table 81. Part of the analyses of variance of the top and the second cob final length at silking 
date, data obtained In 1966 and 1967 
Mean squares 
1966 1967 
Source of variations Degrees of freedom Top ear Second ear Top ear Second ear 
Entries 



































Error 84 131.2 70.8 86.8 50.1 
O^rthogonal comparisons based on reasons lines were selected for the study (Table 1). 
Table 82. Part of the analyses of variance of the top and the second cob final length at silking 




Source of variations Decrees of freedom Top ear Second ear Top ear Second ear 
Entries 21 252.7 
Selections vs checks 1 0.5 
Among selections^  19 277.6' 
0 vs (1&2&3&4) 1 222.2 
(1&2) vs (3&4) 1 1042.7' 
1 vs 2 1 281.3 
3 vs 4 1 178.0 
Among 0 1 4.5 
Among 1 4 316.0 
Among 2 3 140.3 
Among 3 4 380.7 
Among 4 3 112.9 
Among checks 1 32.0 




























































Orthogonal comparisons based on breeding groups. 
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Table 83. Average yield in quintals per hectare for testcrosses of four 
generations in 20 selected families at each location 
Kanawha Martins- Newell Grundy Ames Ankeny Newell Ames 
Family burg Center 
no- 1968 1968 1968 1968 1968 1968 1967 1967 
Group 1^  
1 Ch 71.8 58.0 
Fg 77.1 59.0 
F3 81.3 63.8 
F4 81.9 60.9 
72.4 65.6 81.8 
71.6 73.2 75.0 
72.2 70.1 74.8 
73.0 74.4 80.4 
81.2 78.1 86.2 
70.2 79.6 83.5 
73.4 85.1 88.6 
73.1 82.9 83.3 
2 Ch 74.6 57.0 71.6 67.6 76.3 75.4 69.9 83.1 
F2 76.1 56.4 71.9 75.2 78.2 74.4 71.0 82.4 
F3 76.3 55.9 72.4 80.4 75.7 70.9 81.5 81.8 
F4 80.6 68.6 75.5 79.8 81.5 69.9 72.9 85.8 
3 Ch 65.7 57.3 69.1 62.2 78.9 74.0 69.9 81.4 
FZ 65.9 55.1 72.4 77.5 75.6 72.9 83.0 85.0 
72.9 61.7 72.4 87.5 79.9 77.2 83.5 90.8 
4^ 69.6 56.7 75.8 82.4 76.8 72.0 86.4 94.2 
4 Ch 73.6 55.8 73.6 76.9 79.6 74.0 71.4 88.0 
Fn 78.7 55.9 73.5 78.2 79.3 69.9 80.1 91.3 
F3 82.4 59.8 75.0 79.6 72.7 67.8 81.7 84.6 
4^ 79.1 57.4 73.3 77.6 73.9 71.6 82.4 84.1 
5 Ch 74.7 60.2 71.3 69.6 70.2 68.8 72.6 82.2 
Fg 81.4 58.1 72.7 69.2 76.6 69.9 75.6 92.5 
F3 77.8 56.2 73.6 66.5 72.6 73.4 77.0 89.4 
Fa 75.1 63.2 73.9 80.8 76.9 72.7 80.2 88.2 
Mean of 
















G^rouping based on reasons lines were selected for this study 
(Table 2). 
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Table 83 (Continued) 
Kanawha Martins- Newell Grundy 
Family burg Center 
no. 1968 1968 1968 1968 
Ames Ankeny Newell Ames 
1968 1968 1967 1967 
Group 2" 













































































































































































































Table 83 (Continued) 
Kanawha Martins- Newell Grundy 
Family burg Center 
no. 1968 1968 1968 1968 
Ames Ankeny Newell Ames 























































































































































F3 77.9 62.7 77.5 80.9 70.9 73.5 79.8 83.6 
F4 79.5 62.1 68.9 86.1 78.1 75.0 80.4 91.2 
Mean of 
Group 3 Ch 73.6 55.4 67.6 68.4 77.4 72.8 71.8 81.6 
F? 73.9 59.2 71.1 71.0 75.7 73.1 77.0 82.3 
F3 76.8 60.5 72.5 75.4 74.8 70.0 79.4 83.6 
4^ 79.3 61.7 71.6 75.9 
75.6 72.4 80.4 85.7 
Table 83 (Continued) 
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Kanawha Martins- Newell Grundy 
Family burg Center 
no. 1968 1968 1968 1968 
Ames Ankeny Newell Ames 
1968 1968 1967 1967 
Group 4' 


















































































































































3^ 74.0 58.3 65.7 65.8 78.8 72.0 70.2 82.7 
4^ 74.5 59.2 70.1 73.4 78.2 68,4 68.5 81.8 
Mean of 
Group 4 Ch 72.4 54.4 67.4 67.7 78.5 72.0 72.4 78.3 
F, 75.3 55.0 70.5 71.3 75.6 71.3 73.4 80.5 
pZ 75.6 56.8 68.1 69.9 78.2 72.7 71.4 80.7 
24 74.7 56.8 71.9 70.8 75.4 70.8 71.2 79.8 
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Table 84. Analyses of variance of yield in eight environments for test-








(1&2) vs (3&4) 
1 vs 2 













Families x generations 57 
































































































































































































































O^rthogonal comparisons based on reasons lines were selected for the 
study (Table 2). 
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Table 84 (Continued) 
Source of Degrees of 
variations freedom Mean squares 
Kanawha Martins- Newell Grundy 
burg Center 
1968 1968 1968 1968 
Among 3 X generations 12 6.87 11.82 11.49* 27.82 
Linear 4 7.57 21.32 6.84 62.14 
Quadratic 4 3.10 7.48 19.65 2.00 
Cubic 4 9.94 6.66 7.99. 19.28 
Among 4 X generations 12 10.65 10.04 13.06 23.25 
Linear 4 5.47 8.87 14.58 29.46 
Quadratic 4 4.90. 17.15 21.40 31.26 
Cubic 4 21.57 4.11 3.20 9.16 
Error (b) 120 7.97 7". 21^  5.90 16.78 
Total 239 
C.V. % 6.21 5.96 6.02 10.14 
Ames Ankeny Newell Ames 
1968 1968 1967 1967 








Families^  19 22.40 49.29 
(1&2) vs (3&4) 







3 vs 4 1 11.24 1.44 257.05 123.20 
Among 1 4 11.31 10.65 39-70** 
189.49 
16.00 
Among 2 4 18.97 6.63 14.57 
Among 3 4 16.15 12.55 23.84 35.06 
Among 4 4 0.74 3.44 47.48 27.72 
Error (a) 38 7.26 10.66 41.80 33.65 





Linear 1 40.07 
Quadratic 1 37.81 19.70 14.54 4.42 
Cubic 1 4.84 10.73 5.00** 
19.47* 
1.35 
Families x generations 57 11.31 11.21 13.62 
{(l&2)vs(3&4)}x gen 3 8.37 21.26* 11.39 2.93 
Linear 1 6.76 27.30* 1.81 8.35 
Quadratic 1 10.51 10.73 4.95 0.16 
Cubic 1 7.84 25.76 27.41 0.27 
E^rror degrees of freedom is only 119 due to the use of the analysis 
of covariance on the yield only. 
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Table 84 (Continued) 
Source of Degrees of 
variations freedom Mean squares 
Ames Ankeny Newell Ames 
1968 1968 1967 1967 
(1 vs 2) X generations 3 27.74*^  8.12 69.83** 7.19 
Linear 1 66.36 19.66 122.46** 15.02 
Quadratic 1 2.60 2.07 77.56** 6.08 
Cubic 1 14.26 2.62 9.46 0.46 
(3 vs 4) X generations 3 7.24 10.69 50.00 7.76 
Linear 1 0.02 0.50 143.14 9.77 
Quadratic 1 3.25 7.06 5.48 13.46 
Cubic 1 18.24 24.50 1.38 0.06 
Among 1 X generations 12 10.00 8.97 9.31 15.49 
Linear 4 12.70 11.17 8.33 27.32 
Quadratic 4 7.82 10.29 4.92 8.73 
Cubic 4 9.49 5.44 14.69 10.43 
Among 2 x generations 12 9.15 12.43* 25.49 13.82 
Linear 4 8.66 18.46 25.39%* 22.79 
Quadratic 4 9.18 13.55 35.77 7.10 
Cubic 4 11.42 5.28 15.33 11.57 
Among 3 x generations 12 13.47 8.87 13.90 15.38 
Linear 4 6.15 6.40 13.94 23.58 
Quadratic 4 14.35 12.20 9.30 8.15 
Cubic 4 19.90 8.03* 18.47 14.41 
Among 4 x generations 12 9.66 12.98 10.97 15.54 
Linear 4 17.40 12.26 13.16 14.63 
Quadratic 4 7.43 9.86 7.44 20.51 
Cubic 4 4.14 16.83 12.31 11.48 
Error (b) 120 7.55^  6.90 8.98 10.38^  
Total 239 
C.V. % 5.91 6.40 6.71 6.77 
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Table 85. Average moisture content at harvest for testcrosses of four 
generations in 20 selected families at each location 
Kanawha Martins- Newell Grundy Ames Ankeny Newell Ames 
Family burg Center 
no. 1968 1968 1968 1968 1968 1968 1967 1967 
Group 1^  
1 Ch 27.9 21.2 
Fg 28.9 20.4 
F- 27.3 19.4 
26.6 18.7 
23.1 24.8 22.4 
26.7 24.9 23.4 
24.5 23.6 22.3 
24.9 23.0 23.1 
20.0 28.2 24.4 
22.0 29.8 25.0 
20.9 26.0 23.3 
20.7 25.7 22.4 
2 Ch 28.7 20.8 
Fg 29.0 21.0 
F3 30.0 23.1 
F^  30.9 22.8 
26.3 24.8 23.9 
26.4 26.4 23.8 
28.6 27.9 26.7 
28.1 27.0 24.4 
20.4 26.6 23.6 
22.5 30.3 24.8 
24.0 30.9 25.1 
24.1 32.1 25.2 
3 Ch 28.5 21.4 
F„ 28.2 21.6 
F3 27.4 20.0 
F^  27.5 20.1 
26.1 25.6 22.8 
25.6 24.2 23.3 
25.5 24.3 23.2 
26.7 24.7 23.3 
20.8 20.3 22.4 
21.3 29.2 23.9 
20.5 28.7 23.4 
19.7 27.0 23.8 
4 Ch 28.2 20.7 
Fg 30.3 20.9 
Fo 29.4 21.4 
F^  31.0 23.6 
25.6 24.6 22.9 
26.5 25.5 24.2 
27.4 25.4 24.0 
28.8 26.8 24.0 
21.1 28.4 23.1 
22.5 27.9 24.2 
21.4 31.4 22,6 
23.3 29.3 24.9 
5 Ch 27.1 20.6 24.5 24.7 22.9 20,1 29.1 22.4 
F2 27.2 21.7 25.5 25.1 23.2 21.5 29.9 23.2 
F3 26.5 20.1 26.3 24.9 23.8 20.2 27.7 22.7 
26.9 20.7 26.3 24.0 22.1 20.6 26.9 22.5 
Mean of 
Group 1 Ch 28.1 20.9 25.1 24.9 23.0 20.5 28.5 23.2 
Fo 28.8 21.1 26.1 25.2 23.6 22.0 29.4 24.2 
F3 28.1 20.8 26.5 25.2 24.0 21.4 28.9 23.4 ?! 28.6 21.2 27.0 25.1 23.4 21.7 28.2 23.8 
G^rouping based on reasons lines were selected for this study 
(Table 2). 
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Table 85 (Continued) 
Kanawha Martins- Newell Grundy Ames Ankeny Newell Ames 
Family burg Center 
no. 1968 1968 1968 1968 1968 1968 1967 1967 
Group 2^  
6 Ch 29.3 20.2 25.5 25.8 23.2 19.7 29.1 24.7 
Fg 25.5 19.9 26.9 22.4 22.0 18.5 26.4 21.8 
Fo 25.8 18.2 25.1 23.9 21.0 17.6 25.3 22.4 
F^  24.8 18.0 23.9 22.9 21.5 18.4 26.0 21.2 
7 Ch 27.4 20.6 27.2 25.1 23.2 21.0 28.1 24.1 
Fg 26.3 19.2 Z5.5 24.4 22.0 19.3 28.5 21.9 
Fo 27.9 20.9 26.5 25.0 22.9 19.6 27.2 22.8 
F^  26.6 19.6 26.6 24.4 23.2 19.2 26.8 23.3 
8 Ch 26.6 20.8 24.9 24.4 21.7 21.6 28.0 23.4 
F- 29.9 21.6 25.4 24.7 22.5 21.9 28.6 23.0 
Fo 30.1 20.0 24.8 24.0 21.4 21.4 30.0 24.5 
F^  28.7 18.0 25.6 23.4 22.6 18.8 28.5 23.3 
9 Ch 29.5 21.8 25.8 24.4 22.2 22.0 29.6 24.3 
Fy 29.9 22.7 30.3 26.4 25.5 23.2 31.7 27.0 
Fo 31.2 23.4 29.4 26.5 24.7 23.8 31.3 27.5 
F4 29.6 23.2 29.5 27.8 26.0 23.6 31.5 26.2 
10 Ch 27.7 20.4 25.7 23.9 22.9 21.1 27.9 23.4 
F, 25.7 19.3 24.7 22.5 20.4 19.6 24.1 21.5 
Fo 26.0 20.3 24.0 24.6 23.1 20.6 25.8 22.2 
F^  26.0 19.8 24.7 23.2 21.2 18.9 24.0 21.1 
Mean of 
2 Ch 28.1 20.8 25.8 24.7 22.6 21.1 28.5 24.0 
F? 27.5 20.5 26.6 24.1 22.9 20.5 27.9 23.0 
F3 28.2 20.6 26.0 24.8 22.6 20.6 27.9 23.9 
F4 27.1 19.7 26.1 24.3 22.9 19.8 27.4 23.0 
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Table 85 (Continued) 
Kanawha Martins- Newell Grundy Ames Ankeny Newell Ames 
Family burg Center 
no. 1968 1968 1968 1968 1968 1968 1967 1967 









































































































































15 Ch 28.1 20.9 26.8 26.5 25.1 21.8 29.4 23.7 
Fo 31.4 23.2 28.7 27.8 26.7 25.4 32.3 27.2 
F3 31.5 24.5 28.8 26.5 25.5 24.2 34.0 27.0 
F4 33.5 25.6 31.5 27.0 26.7 25.4 33.8 27.8 
Mean of 
Group 3 Ch 28.4 20.7 25.8 24.8 23.2 20.8 28.8 23.8 
F2 28.7 20.7 26.4 24.9 23.5 21.3 28.8 23.7 
F3 27.7 20.3 26.4 24.8 23.4 21.4 28.7 23.3 
4^ 28.3 20.6 26.9 24.7 23.4 21.2 29.1 24.0 
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Table 85 (Continued) 
Kanawha Martins- Newell Grundy Ames Ankeny Newell Ames 
Family burg Center 
no. 1968 1968 1968 1968 1968 1968 1967 1967 
Group 4^  
16 Ch 28.4 20.7 26.1 25.0 22.1 20.8 29.5 22.8 
Fg 28.1 20.6 26.7 25.4 23.2 22.1 30.7 24.8 
F_ 29.0 20.6 27.9 26.9 22.7 21.8 30.7 24.8 
F^  29.1 20.8 26.0 25.8 22.5 20.6 29.1 23.1 
17 Ch 30.2 20.6 26.6 23.7 23.6 21.6 29.3 23.7 
Fg 27.7 20.0 24.9 23.8 21.6 20.9 26.2 22.8 
Fg 27.3 21.0 25.1 24.6 22.2 21.8 27.9 23.2 
F, 26.7 20.9 26.3 23.4 22.9 22.3 25.3 23.1 
4 
18 Ch 27.7 20.4 26.7 24.2 22.4 21.4 27.8 24.1 
Fg 26.6 21.1 26.1 25.3 22.3 21.2 26.9 25.8 
F3 27.1 22.2 25.7 24.5 22.1 22.0 27.3 23.3 
F^  26.6 21.3 25.2 23.3 22.5 20.7 25.3 23.0 
19 Ch 28.2 20.2 28.1 25.1 22.2 20.3 27.9 24.7 
F, 29.3 21.9 26.0 25.3 22.3 22.1 29.7 24.9 
F3 28.9 20.2 27.0 24.5 21.6 20.0 27.2 23.6 
F4 30.4 22.1 26.6 25.9 23.2 20.5 29.2 24.2 
20 Ch 27.9 21.1 25.4 24.7 23.5 21.5 30.3 24.4 
Fg 27.9 21.5 25.8 23.7 23.0 19.4 27.3 21.6 
F3 30.6 21.9 26.1 24.8 23.2 20.7 29.0 23.7 
F^  27.2 21.7 25.8 25.1 23.5 20.5 30.5 23.4 
Mean of 
Group 4 Ch 28.5 20.6 26.6 24.5 22.8 21.1 29.0 23.9 
F« 27.9 21.0 25.9 24.7 22.5 21.1 28.2 24.0 
Fo 28.6 21.2 26.4 25.1 22.4 21.3 28.4 23.7 
F^  28.4 21.4 26.0 24.7 22.9 20.9 27.9 23.4 
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Table 86. Analyses of variance of grain moisture in eight environments 

















(1&2) vs (3&4) 
1 vs 2 





































































38 1.08 0.38 0.35 0.46 
Generations 3 0.11 0.08 1.42 0.32 
Linear 1 0.34 0.04 3.73 0.03 
Quadratic 1 0.00 0.04 0.26 0.36 





0.83** Families x generations 57 
{(l&2)vs(3&4)}x gen 3 0.21 0.51+ 0.87 0.09 
Linear 1 0.00 1.32 1.10 0.01 
Quadratic 1 0.45 0.07 0.61 0.10 
Cubic 1 0.10 0.12. 0.90 0.17 
(1 vs 2) X generations 3 1.65 0.87 1-42** 0.44 
Linear 1 1.16 1.53 4.09 0.13 
Quadratic 1 0.42 0.01 0.24 
Cubic 1 0.66 0.17 0.94 
(3 vs 4) X generations 3 1.18 0.47* 1.24 0.12 
Linear 1 0.46 1.11 2.46 0.17 
Quadratic 1 
3-r 
0.18 0.08 0.03 
Cubic 1 0.11 1.19 0.16+ 
Among 1 X generations 12 1.35** 
3.17** 
0.86 0.28* 
2.04** Linear 4 0.61 
Quadratic 4 0.22 0.27 0.84 0.68 
Cubic 4 0.28l_ 0.62^  ^ 1.14 0.22, ^  







2.16** Linear 4 
Quadratic 4 0.47 1.89 0.43+ 
Cubic 4 0.42 0.71* 0.69 1.11 
O^rthogonal comparisons based on reasons lines were selected for the 
study (Table 2). 
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Among 3 X generations 12 2.35 
Linear 4 5.61 
Quadratic 4 0.43 
Cubic 4 0.99 
Among 4 X generations 12 1.24' 
Linear 4 2.71' 
Quadratic 4 0.35 
Cubic 4 0.66 
Error (b) 120 0.45 
Total 239 















































(1&2) vs (3&4) 
1 vs 2 







































































































































































freedom Mean squares 















































































































































Table 87. Analyses of variance of yield in eight environments for test-








(1&2) vs (3&4) 
1 vs 2 













Families x generations 57 


















































































































































































































































O^rthogonal comparisons based on breeding groups. 
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freedom Mean squares 
Kanawha Martins- Newell 
burg 
1968 1968 1968 
Among 3 X generations 9 14.14 9.64 14.83* 
Linear 3 33.32 15.71 2.34.. 
Quadratic 3 1.32 1.67 31.89 * 
Cubic 3 7.75 11.54 10.27 
Among 4 X generations 15 11.34 9.23 9.45 
Linear 5 7.25. 3.84 6.04* 
Quadratic 5 23.26 5.71 16.62 
Cubic 5 3.54 18.12* 5.70 
Error (b) 120 7.97 7.21^  5.90 
Total 239 

















(1&2) vs (3&4) 
1 vs 2 


















Ames Ankeny Newell Ames 







1 56.28 1-28** 
487.07 
55.45 
X 11.40 23.44 276.06' 
1 0.68* 0.17 9.24 53.76 
3 25.56** 
53.06 
20.18^ . 16.84 * 
166.41* 
24.06 
5 43.98 31.69 
3 0.60 9.95 58.59 32.57 
5 15.26 7.08 71.47 52.97 










1 37.81 19.70 14.54 4.42 
1 4.84 10.73., 5.00** 
19.47 
1.35 
11.31 11-21* 13.62 
8.37 21.26. 11.39 2.93 
1 6.76 27.30 1.81 8.35 
1 10.51 10.73 4.95 0.16 
1 7.84 25.76 27.41 0.27 
** 
** 
E^rror degrees of freedom is only 119 due to the use of the analysis 
of covariance on the yield only. 
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freedom Mean squares 





















































































































































Table 88. Analyses of variance of grain moisture in eight environments 

















(1&2) vs (3&4) 
1 vs 2 













Families x generations 57 
































































































































































































































O^rthogonal comparisons based on breeding groups. 
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Among 3 X generations 9 2.43 
Linear 3 4.53' 
Quadratic 3 0.55 
Cubic 3 2.2r 
Among 4 X generations 15 0.70 
Linear 5 1.57' 
Quadratic 5 0.23 
Cubic 5 0.29 
Error (b) 120 0.45 
Total 239 
















































Replications 2 0.39 
Families^  19 4.36 
(1&2) vs (3&4) 1 0.06 
1 VS 2 1 0.63 
3 VS 4 1 11.44 
Among 1 3 I.IT 
Among 2 5 5.96 
Among 3 3 10.48 
Among 4 5 0.27 
Error (a) 38 0.52 
Generations 3 0.19 
Linear 1 0.50 
Quadratic 1 0.07 
Cubic 1 0.00 
Families x generations 57 0.63 
{(l&2)vs(3&4)}x gen 3 0.36 
Linear 1 0.07 
Quadratic 1 0.70 
Cubic 1 0.30 
(1 vs 2) X generations 3 0.96 
Linear 1 0.90 
Quadratic 1 0.48 









































































































freedom Mean squares 











































































































































Table 89. Mean yields for testcrosses of four generations in 20 selected 




Group 4^  
Entry 
no. 
Ch 2^' F3' V 
03 69.8 73.4 78.2 76.7 1.275 -1.275 
04 74.1 75.9 75.5 74.9 0.100 -0.600 
05 /1.2 74. J 73.3 76.4 0.720 -0.050 
10 74.8 69.9 73.6 70.4 -0.475 0.425 
X 72.5 73.4 75.2 74.6 0.405 -0.375 
01 74.4 73.7 76.2 76.2 0.395 0.175 
02 71.9 73.2 74.4 76.8 0.795 0.275 
06 73.0 65.7 70.0 70.3 -0.190 1.900 
07 72.2 61.1 61.0 67.9 -0.650 4.500 
08 73.1 67.9 67.4 64.2 -1.360 0.500 
09 72.1 64.2 66.6 64.4 -1.035 1.425 
X 72.8 67.6 69.3 70.0 -0.343 1.463 
14 70.7 72.9 74.7 75.2 0.765 -0.429 
15 71.3 76.2 75.9 77.7 0.945 -0.775 
19 71.3 74.7 69.4 68.6 -0.670 -1.050 
20 72.4 70.2 70.9 71.8 -0.0555 0.775 
X 71.4 73.5 72.7 73.3 0.246 -0.370 
11 70.2 72.3 71.8 73.0 0.395 -0.225 
12 70.0 70.2 71.8 75.3 0.875 0.825 
13 73.1 72.9 76.5 75.6 0.555 -0.175 
16 70.6 72.3 73.3 72.9 0.395 -0.525 
17 67.5 71.3 72.1 69.3 0.310 -1.650 
18 70.2 69.5 72.6 74.6 0.815 0.675 
X 70.3 71.4 73.0 73.5 0.559 -0.179 
' mean 72.7 70.5 72.3 72.3 0.031 0.544 
' mean 70.9 72.5 72.9 73.4 0.403 -0.275 
a 
Generation. 
Grouping based on breeding methods. 
Table 90. Mean grain moisture at harvest for testcrosses of four genera­
tions in 20 selected families, averaged for eight environments 
Entry-
no. 
Ch 2^* 3^" 4^" % 
Group 1^  03 24.7 24.7 24.1 24.0 -0.135 -0.025 
04 24.3 25.3 25.4 26.5 0.325 0.025 
05 23.9 24.7 24.0 23.8 -0.050 -0.250 
10 21.4 22.2 23.3 22.4 -0.200 0.250 
X 23.8 24.2 24.2 24.2 -0.015 0.000 
Group 2^  01 24.0 25.1 23.4 23.1 -0.220 -0.350 
02 24.4 25.5 27.0 26.8 0.435 -0.325 
06 24.7 22.9 22.4 22.1 -0.415 0.375 
07 24.6 23.4 24.1 23.7 -0.100 0.200 
08 23.9 24.7 24.5 23.6 -0.055 -0.425 
09 25.0 27.1 27.2 27.2 0.335 -0.525 
X 24.4 24.8 24.8 24.4 -0.003 -0.175 
Group 3^  14 24.1 24.0 23.9 23.7 -0.065 -0.025 
15 25.3 27.8 27.8 28.9 0.540 -0.350 
19 24.6 25.2 24.1 25.3 0.050 0.150 
20 24.9 23.8 25.0 25.0 0.075 0.275 
X 24.7 25.2 25.2 25.7 0.150 0.013 
Group 4^  11 24.8 24.5 23.1 23.7 -0.235 0.225 
12 24.4 23.4 22.9 22.9 -0.250 0.250 
13 24.1 24.1 24.8 24.7 0.125 -0.025 
16 24.4 25.2 25.6 24.6 0.050 -0.450 
17 24.9 23.5 24.1 23.9 -0.120 0.300 
18 24.3 24.4 24.3 23.5 -0.125 -0.225 
X 24.5 24.2 24.1 23.9 -0.093 0.013 
Group 1 and 2 mean 24.1 24.5 24.5 25.3 -0.009 -0.088 
Group 3 and 4 mean 24.6 24.7 24.7 24.8 0.028 0.013 
G^eneration. 
G^rouping based on breeding methods. 
